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Cedilanid 


BY SANDOZ 


iV. im. S.C. 


When emergency digitalisation is essential 
and the intravenous route impracticable, 
Cedilanid may be given intramuscularly 
or even subcutaneously. 
The Cedilanid ampoule solution needs no dilution 


before use. 


Cardiac failure 


AMPOULES: 0.4 mg. desacetyl-lanatoside C in 2 ml 
TABLETS: 0.25 mg. lanatoside C 
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FOR PATIENTS 
REFRACTORY 


TO OTHER STEROIDS 


DEXxACORTISYL 


dexamethasone 


MAXIMAL EFFECTIVENESS AT 1/7th THE DOSAGE OF 
PREDNISONE OR PREDNISOLONE 


mended dosage there is virtual absence of sodium 
and water retention, potassium depletion, and 
hypertension. There is less frequently epigastric 
distress: “as yet has not provoked significant 
gastrointestinal symptoms”* 


No new side-effects reported. In the‘frecom- ly 


FURTHER ADVANTAGES INCLUDE: 


by, 

% % % 
“~% e produces a sense of well-being % 


INDICATIONS 
Rheumatoid arthritis 
Bronchial asthma 
Skin allergy 


AVERAGE DOSAGE PRESENTATION , 
Initially:—! Bottles of 20, 100 and;500 scored: 
% ROU S tablets each containing the % 
% % equivalent of 0.5 mg. or 0.75 mg & % % 
Maintenance:—0.75 to mg. daily % 


dexamethasone. 


LONDON, N.W.10 
LADbroke 6611 * Boland, E. W. (1958), Calif. Med., 88, 417 
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Patient’s preference... 


Why has Lucozade a very special attraction for Lucozade is lightly car- 
bonated with an attrac- 
the patient? The answer lies in its remarkably 
tive golden colour and 
refreshing flavour and fragrance, qualities that apleasant citrus flavour 

baffle precise description. The colour, the It contains 23.5 
Liquid Glucose and 
sparkle and the glucose content ensure equally its energy value is 21 


its recommendation by the doctor and its ready Calories per fluid ounce 
It is supplied in 6 oz 


ind 26 oz. bottles. 


LUCOZADE 


acceptance by the patient. 
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10 unknown diabetics in every GP’s care... 


The diabetic population of Great Britain numbers almost 
$00,000 — yet only about half of them are known and under 
treatment. Statistically this means that every general practitioncr 
has more than ten undetected diabetics in his care 

These unknown diabetics are at risk. Many already show retina! 
changes and other vascular abnormalities at the time of diagnosis 
These changes are often irreversible : their prognosis Could only 
be improved by early diagnosis and treatment of diabetes 
CLINISTIX* 15 the best aid to the diagnosis of diabetes. This simple 
dip-and-read test is specific for glucose : it takes only a few 
seconds, and has the correct sensitivity for significant results 
Every patient whose urine is positive to CLINIsTIX should be 
regarded as a potential diabetic 


to detect diabetes 
simply dip-and-read 
Clinistix 


CLINISTIX Reagent Strips are available in bottles of 60 strips 
U K. Retail Price 6-. less professional discount. From all «hemists 


Ames Company 
Nuffield House Piccadilly London W 1 


*Trade Mark 
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BIOCHEMICAL VALUES INSTITUTIONAL NEUROSIS 
IN CLINICAL MEDICINE By RUSSELL BARTON 
By ROBERT D. EASTHAM Institutional neurosis is, so to speak, a 

The author's aim in this book is to provide “mental bed-sore,” says the author, which 
an accurate summary of the ways in which occurs also in such institutions as prisoner- 
various conditions affect many biochemical of-war camps, orphanages, prisons, con- 
tests. This has been done in an effort to vents, etc., but it responds to treatment. 
prevent too much or too little being read He discusses the differential diagnosis. 
into the results of various tests. This book clinical features, etiology. and treatment of 
will stimulate a greater interest in clinical this disorder. 
chemistry. 57 pages Illustrated. 8s, 6d.. postage 5d. 
148 pages. 15s., postage 5d. 


AN ATLAS OF DENTAL SMALL-POX 

AND ORAL RADIOLOGY Variations on a Theme by Sydenham 

By SYDNEY BLACKMAN By P. B. WILKINSON 

We believe that this book will prove of This monograph gives an historical account 
value to students and practitioners alike, of the disease, referring to Sydenham’s 
that the consultant dental surgeon may find classic description of it written in the seven- 
in it material for differential diagnosis, that teenth century, which the author believes 
the pathologist will be able to correlate the has not been bettered or augmented to-day. 
findings with the radiograph, the radiologist The style is individualistic and extremely 
will be stimulated in his interest in the field readable, but the outstanding feature of the 
of dentistry, and that the research worker book is the illustration, consisting of 
may use the compilation as a basis for numerous and superlative photographs of 
further investigations. the disease in all its stages. 
384 pages, 816 illustrations. 84s., postage 2s. 76 pages. 68 illustrations, 17s. 6d., postage Is. 


john Wright & Sons Ltd., Bristol 


J.-M. CHARCOT : His Life—His Work 
By GEORGES GUILLAIN, M.D. Translated by Pearce Bailey, Ph.D., M.D. 
Written and translated by two distinguished neurologists, this important and interesting 
work at last fills the gap in the English literature that has existed since Charcot's death. 
50s. net. 


VOICE AND ARTICULATION 
By CHARLES VAN RIPER and JOHN V. IRWIN 


An important book in the literature of speech and one which has already made its mark. 
Now published in a British edition. 55s. net. 


HYPERTENSIVE DISEASE 


By SIBLEY W. HOOBLER, M.D. 


“The treatment of every conceivable hypertensive complication or emergency has 
been covered..." The Lancet. 


60s. net. 


PITMAN MEDICAL PUBLISHING CO. LTD. 


39 PARKER STREET LONDON 
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A continuous flow of effective and up-to-date medical and 
surgical know-how ... 


THE CLINICS OF NORTH AMERICA 


Let these world-famous CLINICS OF NORTH AMERICA help 
you in your postgraduate study in 1960. Many thousands of 
doctors all over the world have been taking them for years 
and rate them as being of almost equal importance to them 
as their stethoscopes . . 


THE MEDICAL CLINICS OF NORTH AMERICA 


Published 6 times a year (January, March, May, September and November). 
Annual subscription to 6 consecutive numbers £6 6s. (cloth covers) or 
£5 5s. (paper covers). 


THE SURGICAL CLINICS OF NORTH AMERICA 


Published 6 times a year (February, April, June, August, October and 
December). Annual subscription 6 consecutive numbers £6 6s. (cloth 
covers) or £5 5s. (paper covers). 


THE PEDIATRIC CLINICS OF NORTH AMERICA 


Published 4 times a year (February, May, August and November). Annual 
subscription to 4 consecutive numbers £5 5s. (cloth covers only). 


These unique books, that are becoming so increasingly popular, 
offer the doctor or surgeon the very best means of keeping 
abreast of recent developments. They provide a continuous flow 
of effective and up-to-date medical and surgical know-how. Each 
book contains a Symposium (sometimes two) on a subject of 
special and current importance that has been selected according 
to the popular request of the many thousands of regular 
subscribers all over the world. 


These Clinics carry no advertising—all the 300-odd pages of 
each number are packed from cover to cover with good solid 
clinical information, from the leading medical and surgical 
centres in America. For the physician or surgeon wishing to 
keep in touch with developments in the United States, these 
Clinics are ideal. 


W. B. SAUNDERS COMPANY LTD., 7 GRAPE ST., LONDON, W.C.2 
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A TEXT-BOOK OF X-RAY DIAGNOSIS 


By British Authors. Edited by S. COCHRANE SHANKS, C.B.E., M.D., F.R.C.P., F.F.R., and 
PETER KERLEY, C.B.E., C.V.O., M.D., F.R.C.P., F.F.R., D.M.R.E. 
New (Third) Edition. In Four Volumes. 10 in. x 7} in. 
Vol.|. Head and Neck.—533 pp. with 533 illustrations. £4 10s. net. 
Vol. Il. The Cardiovascular and Respiratory Systems.—!n Preparation. 
Vol. Il. The Abdomen.—899 pp. with 802 illustrations. £6 net. 
Vol. IV. Bones and Joints and Soft Tissues.—730 pp. with 735 illustrations. £5 10s. net. 


ANATOMY OF THE EYE AND ORBIT BIOCHEMICAL INVESTIGATIONS IN DIAGNOSIS AND 
By EUGENE WOLFF, F.R.C.S. TREATMENT 

Fourth Edition. With 406 Illustrations (52 By J. D. N. NABARRO, M.D., F.R.C.P. 
Coloured). l0in.x7j}in. £3 10s. net; postage Second Edition. 8} in. x 5} in. £1 Ss. net; postage 
2s. 3d. Is. 6d. 


ROXBURGH’S COMMON SKIN DISEASES 
OXOSTEROIDS: The Use of Phenolic Hydrazidesfor Eleventh Edition, revised by PETER BORRIE, 


Detection, Characterization and Estimation M.A.. M.D.. M.R.C.P. 
By B. CAMBER, M.D. With 8 Coloured Plates and 216 Illustrations in 


With 8 figures. 84 in. x 5} in. 12s. 6d. net; the text. 8hin.x Shin. £1 17s. 6d. net; postage 
postage 6d. Is. 9d. 


TESTS FOR COLOUR BLINDNESS 


Professor of Ophthalmology, Tokyo University. 


By G. H. MONRAD KROHN, M.D. (Oslo), With 38 Plates, Instructions and Key. £4 net; 
F.R.C.P. (Lond.), M.R.C.S. (Eng.), Professor of postage Is. 9d. 

Medicine in the Royal Frederick University, 

Oslo, &c. Also New Abridged Edition. 

Eleventh Edition. With 173 Illustrations. 84x With 24 Plates, Instructions and Key. £3 net; 
54 in. £2 net; postage Is. 9d. postage Is. 6d. 


H. K. LEWIS & Co. Ltd. 136 Gower Street, London, W.C.I 


Telephone: EUSton 4282. Telegrams: Publicavit, Westcent, London. 


HEINEMANN 
ORTHOPDICS IN GENERAL The perfect drink 


PRACTICE 

by W. H. Gervis, F.R.C.S. or every OCCaSION 

“This excellent little book is written for the genera 
practitioner by an orthopaedic surgeon who has had 
experience in general practice. In five chapters the 
author deals with the neck and upper extremity back- 
ache, treatment of minor injury, the foot, and finally 
gives his conclusions “Annals of Physical Medicine 
96 pages Ts. 6d 


WOMAN’S CHANGE OF LIFE 
by Isabel Hutton, M.D. 


‘The subject is dealt with very comprehensively and is 
pervaded by reassurance and practical common sense 
in fact, just what is most needed by an apprehensive 
woman approaching this event in her life. It can be 
strongly recommended as one of the best books of its 
kind *. Proceedings of the Roval Society of Medicine 
128 pages 6s. 


ENURESIS OR BED-WETTING 
by F. Bicknell, D.M. (Oxon.), M.R.C.P. 
“Investigation and treatment are dealt with fully, with 
correct stress placed on the way in which parents and 
child should be advised to regard enuresis. All con- 
ceivable medicinal remedies are evaluated and _ their 
adjuvant role discussed. The volume includes a valuable 
extensive list of references and there is a good index. 


The author's sympathy and understanding of the problem 
will commend this useful little book to its readers.” ij 
British Journal of Clinical Practice. 
96 pages 7s. 6d. 


William Heinemann Medical Books Ltd. Fine Old Scotch Whisky 
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MODERN TREATMENT 
YEARBOOK 1960 


Edited by Sir Cecil Wakeley, BT., K.B.E., C.B., LL.D., M.CH., 
D.SC., F.R.C.S., F.R.S.E., F.A.C.S., F.R.A.C.S. 


Now in its twenty-sixth year, the Modern Treatment Yearbook provides once again 
an unrivalled opportunity for the general practitioner to keep himself up to date with 
the latest therapeutic methods. 

Each of its thirty-two chapters deals fully and concisely with a frequently en- 
countered condition, and each is written by a leading authority on his subject who 
presents simply and clearly the most effective methods of management and treatment 

all of which have been thoroughly tested and are the results of hospital experience. 

There is no substitute for the Modern Treatment Yearbook —it is an essential part 
of every doctor’s equipment. 


320 pages 32 plates 33s. postage 2s. 3d. 


BAILLIERE, TINDALL & COX 


7 & 8 Henrietta Street, London, WC2 


British Pharmaceutical Codex 
1959 

The seventh edition of the British Pharmaceutical Codex, just 

published, provides the latest available information on the properties, 


standards, actions and uses, contraindictions, dosage and formulation 
of nearly 1000 medicinal substances in current use. 


There are 70 new monographs — 78 new formula — 3 new appendixes 


The Codex has been compiled by the aid of ten committees and sub- 

committees on which over 100 experts in their particular sphere have 

served. In addition approximately 50 specialists have prepared and 
commented on proposed new and amended formule. 


Pp. xxix 1301. Price 70s. (Packing and postage 2s. 6d., overseas 4s.) 


THE PHARMACEUTICAL PRESS 
17 Bloomsbury Square, London, W.C.1 
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This quarterly journal gives school doctors, 
paediatricians, neurologists, physiotherapists, 
speech therapists, and others working with 
cerebral palsy, a clear account of the 
research and practical studies on this subject 
in progress throughout the world. The 


subscription is £1 a year, postage paid. 


For your free copy, please write to 
The Secretary, 


NATIONAL SPASTICS SOCIETY 
28 FITZROY SQUARE LONDON 
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° The country with the most 
doctors is the U.S.S.R. 
with 346,000 or one to 


every 598 persons 
(Guinness Book of Records. P. 85) 
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JACK BARCLAY LTD 


Present the New 


SEVEN PASSENGER 


PHANTOM V ROLLS-ROYCE 


SPECIAL COACHWORK 
BY JAMES YOUNG 


James vou NG Lid. 
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JACK BARCLAY LTD 
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DISTAVAL 


TRADE MARK 


brand of a-phthalimidovlutarimide (thalidomide) 


SAFE but effective 
non-barbituric 
sedative and hypnotic 


When sleep is a necessary aid to treatment in 
mental or physical illness, ‘Distaval’ is weleome 
for its potent hypnotic effect combined with 
outstanding safety. Having no demonstrable 
toxicity and minimal side-effects, this effective 
hypnotic can safely be given to infants and the 
elderly and in conditions where other drugs may 
be contra-indicated. It is also tasteless. In 
sedative doses, ‘Distaval’ is an invaluable aid in 
the treatment of certain mental illnesses or 
whenever it is desirable to ease the pressure of 
emotional stress. 
DOSAGE 

s a bedtime hypnotic: Adults: 50 mg.—200 mg. 
Infants and children: 25 mg.—50 mq. 

{1s a daytime sedative: Adults: 25 mq. two or three 
times a day. Infants and children: Half to one 25 mq. 
tablet, according to age, one to three times a day. 

PRESENTATION 
*Distaval’ 25 muy. scored tablets in tu of 24. bottles of 100 
SOO and 1.000, Basie cost to of 12 tablets from dispensing 
pack of 100. Ts. Od 

‘Distaval’ Forte 100 mg, scored tablets in tube of 12 and bottle 


of 100. Basie cost to NV Hs. of 12 tablets from dispensing pack 


f 100, 2s. sd. 


NOW EXEMPT FROM PURCHASE TAX 


DC\DLA THE DISTILLERS COMPANY (Biochemicals) LIMITED 


Broadway House, The Broadway, Wimbledon, London, 5.W.19 


Telephone: LIBerty 6600 
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A new advance in the treatment of 
all types of depression 


ARDIL 


phenelzine 


a notably safe and effective monoamine oxidase inhibitor 
which compares in scope and effect with E.C.T. 


Nardil is a major advance in psychological medicine, presenting 
the possibility of replacing E.C.T. in the treatment of 
depression. 
Nardil modifies the biochemical basis of depression by regulating 
the enzyme which destroys 5-hydroxytryptamine. This is in 
contrast to the amphetamine-like substances which merely 
mask the symptoms without influencing the underlying cause. 
Nardil is indicated for all potential E.C.T. patients; 
for patients not responding to, or unsuitable for, E.C.T. and for 
those who have relapsed after E.C.T. 
In clinical trials involving many thousands of patients, excellent 
results have been obtained with minimal side effects: and most 
mportant, with no toxic effects on blood or liver. 
Response to Nardil is seen within the first week, and often within 

he first few days. Nardil abolishes symptoms in from 
2 to 5 weeks and recovery is maintained for long periods after 
treatment has ceased. 
Dosage schedule is simple and fiexible—for inpatients one tablet 
three times a day and one at bedtime; for outpatients, 
one tablet three times a day. 
Nardil is now available in bottles of 100 and 500 sugar-coated 
tablets each containing 15 mg. phenelzine. 
Comprehensive technical information available on request. 
Bibliography 
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AY) neu larly “the most powerful analgesic known up to the 


present time singularly more effective 


and less toxic than morphine acts equally 
well by mouth as by injection 

more C CC lve immediately with maximum intensity 

Presse med., (1957), 655 700. 


and less ** some patients with chronic pain have received 


multiple daily doses of dextromoramide for 


more than 20 months without development 


toxic than of tolerance . . . . . . nausea, vomiting, 


hypnotic effect, or psychic disorders have 


been encountered infrequently. Constipation 


is Virtually absent.” 
morphine Anesth. & Analg., (1959), 385 14- 


PALFIUM 


(M.C.P. 875) 


In severe pain of inoperable carcinoma, 
severe colic and other forms of intractable 
pain, Palfium relieves pain without clouding 


consciousness or reducing mental activity 


*d-5-mnethyl-2, 2-diphenyl- Available as Tablets of 5 mg. in packs of 


snorpholinobutyrvipyrro- 
25 and 100. 
lidine (Dextromoramide) 


Also available in 5 mg. and 10 mg. ampoules. 


M.C.P. Pure Drugs Ltd. 


STATION WHARF, ALPERTON, MIDDLESEX 


XIV 


for diarrhoea 


Cremosuxidine... 


*“SULFASUXIDINE’ SUSPENSION WITH KAOLIN 
THE MOST WIDELY USED SULPHONAMIDE FOR INTESTINAL INFECTION 


‘Cremosuxidine’ provides the safest and most effective 
sulphonamide ‘Sulfasuxidine’, together with kaolin, as a 
delightfully flavoured suspension for the treatment of 
specific and non-specific diarrhoea. It is very economical 
to prescribe. The average adult dosage is 14 -2 
tablespoontuls, 6 times a day. 

The United Kingdom N.H.S. basic cost of 1 fl. oz. ia Is. lid 


MERCK SHARP & DOHME LIMITED, HODDESDON, HERTS 
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REACH THE PEAK WITH 


MICROGRAMS 
PER 100 c.c. BLOOD 


ORAL THEODROX 
(Aminophylline 0.4 gm) 


Intramuscular 
Aminophylline 0.5 gm 


Intravenous 
Aminophylline 0.25 gm 


HOURS | 


When oral aminophylline is indicated 


In ‘Theodrox’ tablets, aluminium 
‘Theodrox’ is— 


hydroxide protects aminophylline from Hate 

breakdown by gastric enzymes to prevent HEHE EFFECTIVE High theophylline blood 

theophylline irritation of stomach mucosa. : levels are readily attained by the oral route. 
ECONOMICAL Basic weekly cost of treat- 
ment may be as little as 2/- to N.H.S. 
WELL-TOLERATED Gastric irritation is 
negligible even at abnormally high dosage. 
(Four to eight tablets daily are usually 
sufficient.) 
When mild sedation is desirable — 
Theodrox’ with Phenobarbitone (gr. 
tablets are available 


THEODROX’ (British Patent: 727,631) iss 
registered trade mark of 


RIKER 
LABORATORIES 
LIMITED 
LOUGHBOROUGH LEICESTERSHIRE 
PACKS 3 


 THEOOROX’ with 
Tablets ~THEODRO 
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ees is a single compound 


which acts locally and centrally 
to stop cough. It contains 
neither codeine nor anti-hista- 
mine and hence causes neither 
constipation nor drowsiness 
Indeed, Detigon has caused no 
side-effects of any kind. Deti- 
gon simply stops cough -any 
sort of cough—effectively and 
safely in any kind of patient. 
The normal adult dose is 20 
drops 3-hourly 

*Detigon is a 5°, solution of 
1 -0-chlorophenyl-3-dimethyla- 
mino-l-phenylpropanol hydro- 
chloride 


Contributions im the past 


1887 Phenacetin 

1899 Aspirin 

1912 Phenobarbitone 

1932 Sulphonamides 

1946 Thiosemicarbazones 
1952 Isoniazid 

FBA Pharmaceuticals Ltd 
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Trusted medicines 
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‘“‘BARBITURATE 
DEATHS 
INCREASING” 


Under this warning headline British Medical 
Journal, in an editorial of October 17th, 1959, 
draws attention to the increasing number of 
deaths by poisoning, once again emphasising 
“that barbiturates are the most prominent 
group of drugs causing these deaths.” How 
creat the increase has been in recent years can 
be seen from the latest available figures, which 


show that 75°, of suicidal deaths due to drugs 


and 80°, of all accidental deaths by poisoning 


are caused by barbiturates. From these facts it 
is evident, the article concludes, that the bar- 
biturates present a hazard that the existing pre- 
cautions against overdosing have not overcome 
and that “the increasing number of these deatlis 


would suggest that something more is needed.” 


‘DISTAVAL’ 


TRADE MARK 


ON-BARBITURIC 


Brand of a-phthalimidoglutarimide (thalidomide) 


THE DISTILLERS COMPANY (Biochemicals) LIMITED 


Broadway House, The Broadway, Wimbledon, London, S.W.19 
Telephone : LIBerty 6600 


Owners of the trade mark *Distava! 
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A SAFE 
ALTERNATIVE 


A letter to the British Medical Journal (October 
3rd, 1959) from a General Practitioner, suggests 
that the new non-barbituric drug ‘Distaval’ 
seems to be “‘a satisfactory sedative and hypno- 
tic in many patients” and that its use “might go 
a long way towards reducing the present annual 
mortality from overdoses of the central nervous 
system depressants currently prescribed.” In 
support of this view the writer gives the follow- 
ing case history: 

A 70-year-old man, suffering from insomnia 
associated with mild senile dementia, took 
twenty-one 100mg. tablets by mistake. No 
specific treatment was given, there was no vomit- 
ing or evidence of respiratory or cardiac depres- 
sion. After 12 hours apparently normal sleep the 
patient woke up, remaining a little drowsy for a 
further 24 hours. 

Since the introduction of *Distaval’ two years 
ago a number of reports have been received of 
cases of gross overdosing with similarly harm- 
less results. On the other hand, no severe toxic 


effects of any kind have been reported. 


effective 
‘HYPNOTIC 


\DULTS, one 25mg. tablet 2 or 3 times 
INFANTS & CHILDREN, half to one 25mg. 


SAGE t ito 3 times a day 


As a liy tic at bedtime. ADULTS 50mg. to 200mg 
INFANTS & CHILDREN, 25mg. to 50mg. 
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An analgesic cream for the 
treatment of neuromuscular 
pain 


This analgesic cream is very effective in the treat- 

ment of fibrositis, muscular pain, lumbago, 

neuritis, neuralgia and sciatica. Free from 

objectionable odour, it is formulated to produce a al 
a readily absorbed cream, and helps to give rapid ae 
relief from pain. y 
The presence of Methyl Nicotinate produces 
dilation of the surface blood vessels and allows 
penetration of the analgesics Glycol Salicylate 
and Benzocaine. 


FORMULA 


ad 100°, 


POISON 


Available in | oz. tubes 2}4each* Basic N.H.S 
price, also in Jars 40z., 80z., 160z. Basic N.H.S 
prices 5/3, 10/3, 18'-.* * liable to purchase tax 


JAMES WOOLLEY SONS & CO. LTD. 
VICTORIA BRIDGE - MANCHESTER 3 
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RIDDOSEDD TABLETS 


A Compound of SODIUM-DIETHYLBARBITURATE-PHENACETIN-CODEINE The 
ideal HYPNOTIC, SEDATIVE, SOPORIFIC and ANALGESIC 


RIDDOSEDD induces a calm, natural sleep of several hours without any 
resulting somnolence. 


RIDDOSEDD has no injurious effects upon the heart, circulation, kidneys 
or respiration. 

RIDDOSEDD is timed to set in when patients awake during the early hours 
of the morning, thus ensuring a continuation of normal sleep. 


RIDDOSEDD as a soporific is 20 times greater than that of Sodium 
Diethylbarbiturate. 


RIDDOSEDD has proved to be a most reliable and best tolerated soporific 
and sedative for more than twenty years. 


PACKED IN BOTTLES OF 20 and 100 
Please write for details to:— 


Sole Manufacturers: 


RIDDELL PRODUCTS LIMITED 


RIDDELL HOUSE, 10-14 DUNBRIDGE STREET, LONDON, €.2 ® 
® Telephone: SHOreditch 7254. Telegrams: Pneumostat, Beth, London 


BRANCH OFFICE: || Mansfield Chambers, St. Ann's Square, Manchester 2 
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‘SECROSTERON’ 


TRADE MARK 
DIMETHISTERONE TABLETS 
the newest name in steroids 


a product of 60H) research 


‘Secrosteron’ is a highly potent, orally 
active, purely progestational agent. It 
brings about true secretory changes in 
the endometrium; and it has no 
cestrogenic or androgenic action. 
Above all, it has increased potency over 
ethisterone and is active in a wide 
range of conditions, at many times 
smaller dosage \evels. 
DOSAGE: “Secrosteron’ dosage schemes 
are simple—S mg. three times daily 
in cases of Premenstrual Tension, 
Basic N.H.S. prices 5 meg. tablets Threatened Abortion, Menorrhagia, 
Bottle of 30 19/2 Metrorrhagia, Toxemia of Pregnancy, 
Bottle of 100 53/4 and Amenorrheea. 
Bottle of 500 226/8 5 mg. daily for Habitual Abortion. 
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Biochemical Aspects of Ketosis 
By Sir Hans Kress, M.D., F.R.S. 


| PROPOSE to discuss the concept that the accu- 
mulation of ketone bodies arises from an in- 
ability of the liver to regulate the relative rates of 
certain metabolic processes. According to this 
concept, ketosis is a disorder of the regulation of 
metabolic processes rather than an insufficiency 
of certain enzymes or of key metabolites. 


The Origin of Ketone Bodies 
The bulk of the ketone bodies arises by con- 
densation of acetate which reacts in the form of 
acetyl coenzyme A (CoA) (see Scheme 1). Two 
ScHeme | *—PatHway OF FORMATION OF KETONE 


Fat. carbohydrate. amino acids 


(acetyl-CoA) 2CH,COSR 


(acetoacety! CoA) 


CH, COCH, COSR 


HSR (CoA) 


icetoacetic acid) CH, CO CH, COOH 


co,+CH,COCH 


» HSR (CoA) 


CH, CH(OH) CH, COOH 


(acetone (D-8-hydroxybutyric acid) 
*Another pat! eading from acetoacety! CoA to free 
scetoacetate has en found by Lynen et al. (1958) This 


acetoacety!l CoA and acetyl CoA 
viglutaryl CoA which is subsequently 
etic acid and acetyl CoA. It is not 
itive Quantitative importance of the 


sible to assess 1 


yet pos 
two pathways 


molecules of acetyl coenzyme A first form 
acetoacety! coenzyme A and this is hydrolysed 
by a specific enzyme—acetoacetyl-coenzyme A 
deacylase. This enzyme is present in liver but 
absent from most other tissues (Mahler, 1953) 
which accounts for the fact that liver is the main 


site of ketone body formation. 


FEBRUARY 


Oxford 


All foodstuffs—fats as well as carbohydrates 
and proteins—yield acetyl coenzyme A in the 
course of their combustion and are therefore 
potential sources of ketone bodies. However, in 
the intact organism, the fate of acetyl coenzyme 
A depends partly on its origin. Only the acetyl 
coenzyme A derived from fatty acids with even 
carbon numbers and the three “*ketogenic” amino 
acids—leucine, phenylalanine and_ tyrosine 
produce major quantities of ketone bodies, and 
long-chain fatty acids rarely form more than one 
molecule of ketone body per molecule (Magnus- 
Levy, 1899, 1901, 1925). Whilst the acetyl 
coenzyme A arising from most sources undergoes 
complete oxidation through the tricarboxylic acid 
cycle (except for a relatively small fraction which 
is utilized for various synthetic processes), some 
of the acetyl coenzyme A arising from fatty acids 
and from the ketogenic amino acids can yield 
ketone bodies. 


Site of Formation and Utilization of Ketone Bodies 

The liver is by far the most important site of 
ketone body formation though small quantities 
can be formed in other tissues, e.g. kidney 
(Weinhouse and Millington, 1951; Jowett and 


Quastel, 1935). In ruminants, the wall of the 
rumen is an additional major source (Pennington, 
1952: Hird and Symons, 1959) and, in the 
lactating animals, ketone bodies can also be 
formed by the mammary gland (Terner, 1958). 

Many tissues are capable of utilizing ketone 
bodies as a substrate of respiration and of 
oxidizing them completely to carbon dioxide and 
water (Stadie et al., 1940: Shipley, 1944: Krebs 
and Eggleston, 1948). This applies in particular 
to the mammalian heart which appears to use 
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acetoacetate in preference to mest other sub- 
strates of oxidation (Kulka, 1958; Williamson, 
1959). 


Accumulation of Ketone Bodies 

It is relevant to the problem of the nature of 
ketosis that there are many physiological or semi- 
physiological conditions which can be associated 
with an accumulation of ketone bodies above the 
normal level in blood and urine. These include 
starvation, diets low in carbohydrate (fat-protein 
diets, Deuel er a/., 1932), severe muscular exertion 

““post-exercise ketosis” (Courtice and Douglas, 
1936; Courtice et al., 1939; Passmore and 
Johnson, 1958: Drury et al., 1941; Gemmill, 
1940), exposure to a cold environment (Sargent 
et al., 1958), alkalosis due to hyperventilation 
(Davies et al., 1920) or to a dose of sodium 
bicarbonate (Deuel ef a/., 1935), and anesthesia 
(F. L. Engel and M. G. Engel, 1958). 

Some of the pathological conditions which can 
lead to ketosis of varying degrees have a common 
basis: the failure to utilize carbohydrate at the 
normal rate. This applies to all forms of 
diabetes—diabetes mellitus, diabetes due to 
depancreatization or to alloxan poisoning 
(Lukens, 1948), or to phlorizin poisoning 
(Goldfarb er al., 1934)—to glycogen storage 
disease, and probably also to ketosis following 
vomiting (hyperemesis gravidarum and periodic 
vomiting of children), and to the ketosis accom- 
panying pregnancy toxemia of sheep. 

The ketosis of lactating cows, first described in 
Holland in 1923 by Sjollema and Van Der Zande, 
though not fatal, may seriously reduce milk 
production and is a disease of major economic 
importance. 

Experimentally, ketosis can be produced both 
in the intact body and in isolated liver prepara- 
tions by substances which lower the oxaloacetate 
level in tissues. Examples are malonate (Reck- 

Tanit 
(1) Carbohydrate 


(glycolysis) 
Carbohydrate 


co, 


Lactate > pyruvate 


rumen 
fermentation 
Carbohydrate — 


(2) Amino acids 
transe nination 


Aspartate — — 


transamination 
Glutamate 


Proline 


> glutamate 
Arginine 


+ phosphopyruvate 


propionate 


-ketoglutarate ——— 


transamination 
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nagel and Potter, 1951), fluoroacetate (Cole e7 a/., 
1955), fluorocitrate (Gal ef a/., 1954), mesoxalate 
and tartronate (Edson, 1936: Krebs and 
Stickland, 1958. One of the most interest- 
ing forms of experimental ketosis is that 
produced by anterior pituitary extracts (Bennett 
etal., 1948). The ketogenic effect of the anterior 
pituitary is suppressed by cortisone, hydro- 
cortisone and related substances (Engel, 1957; 
M. G. Engel and F. L. Engel, 1958). These effects 
indicate that the metabolism of ketone bodies 
is under hormonal control. 


Relations Between Carbohydrate and Fat Meta- 
holism 

The elucidation of intermediary stages of the 
oxidation of fat has made it possible to re- 
examine the meaning of the old remark 
(Rosenfeld, 1885, 1906) that “fats burn in the 
fire of carbohydrate”, a statement circumscribing 
the fact that ketone bodies are mainly derived 
from fat, and do not accumulate when carbo- 
hydrate is burned. 

Fatty acids are known to be oxidized by 3- 
oxidation to acetyl coenzyme A; this condenses 
with oxaloacetate to enter the tricarboxylic acid 
cycle, one turn of which represents the complete 
oxidation of one acetate equivalent. Oxalo- 
acetate is thus necessary for the complete oxida- 
tion of fatty acids. It cannot be formed from 
fatty acids but it can be synthesized from carbo- 
hydrate. Thus the need for oxaloacetate repre- 
sents a link between fat and carbohydrate 
metabolism, even though carbohydrate is not the 
only source of oxaloacetate: propionate and 
certain amino acids—especially those which have 
long been recognized as glucogenic amino acids 
(aspartate, glutamate, proline, arginine)—can 
also serve as precursors of oxaloacetate. The 
various reactions which can yield oxaloacetate in 
the animal body are listed in Table I. 


MaIN SOURCES OF OXALOACETATE IN THE ANIMAL Boby 


co, + ADP 


> oxaloacetate ATP 
TPNred 


> malate — > oxaloacetate 


CoA 


co, 


methyl malonyl! CoA — > succinate 


oxidation 
oxaloacetate 


— + oxaloacetate 


oxidation 
oxaloacetate 


oxidatior 


ketoglutarate — oxaloacetate 
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The Role of Oxaloacetate in Ketosis 

It has been suggested that ketosis arises from 
lack of oxaloacetate. However, the experimental 
tests show that this is not true for most forms of 
ketosis. The oxaloacetate levels in the livers of 
well-fed and starved rats were found by Kalnitsky 
and Tapley (1958) to be identical after twenty- 
four hours although the acetoacetate level had 
increased over tenfold (see Table Il). These 


ATE AND ACETOACETATE Livets IN Rat 
Liver 
Average values 
Oxaloacetate Acetoacetate 
(umole 100g (umole 100g 
fresh weight) fresh weight) 
1 (Kalnitsk ind Tapley 
1958) 
Liver, well-fed 10 1:5 
Liver. fasting 24 11 18-2 
Series 2 (Shaw and Tapley. 1988) 
Liver, norma 09 0-4 
Liver, alloxan diabetes 1-0 2-8 


findings indicate that the ketosis of starvation is 
not due to lack of oxaloacetate. Similarly, the 
oxaloacetate levels of the livers of normal and 
alloxan-diabetic rats were equal whilst the aceto- 
acetate levels were seven times higher in the 
diabetic rat. Thus the ketosis of alloxan 
diabetes cannot be due to lack of oxaloacetate 
either. 


Another way of testing the role of oxaloacetate 
in ketogenesis is the administration of oxalo- 
acetate or its precursors to the ketotic organism. 
Experiments on various animals show that the 
dietary ketonuria produced by feeding butyrate 
is greatly reduced by the administration of oxalo- 
acetate or its precursors (Beatty and West, 1951; 
Fasella er al., 1958). The ketosis of alloxan- 
diabetic animals (Beatty and West, 1955) or of 
human diabetics (MacKay er al., 1939; Dunlop 
and Arnott, 1937; Lawrence, 1937; Dibold e7 al., 
1937) or of cows suffering from bovine ketosis on 
the other hand, is not appreciably influenced by 
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HE of Various INHIBITORS ON ACETOACETATE FORMATION BY LIVER PARTICLES 
IN THE PRESENCE OF PYRUVATE 


oxaloacetate and its precursors. Some authors 
(Fasella er al., 1958) have drawn the conclusion 
from these findings that the mechanisms respon- 
sible for diabetic and dietary ketosis are “funda- 
mentally different’. I prefer to express this 
difference by the statement that different factors 
limit the formation and the utilization of acetyl 
coenzyme A in dietary ketosis on the one hand, 
and diabetic ketosis on the other. 


That lack of oxaloacetate can be a cause of an 
accumulation of ketone bodies can be shown 
in vitro with liver preparations. As Lehninger 
(1946) has shown, liver mitochondria convert 
octanoic acid almost quantitatively to aceto- 
acetate when added as the sole substrate, but 
when oxaloacetate is available some of the 
octanoate is converted to the acids of the tri- 
carboxylic acid cycle or completely oxidized. 
The importance of oxaloacetate in ketone body 
accumulation can also be demonstrated in a 
preparation of washed liver particles suspended 
in saline. On addition of pyruvate, varying 
amounts of acetoacetate, tricarboxylic acid cycle 
intermediates and CO, are formed. The yield of 
acetoacetate from pyruvate is substantially 
increased by a variety of agents, which in differ- 
ent ways all reduce the supply of oxaloacetate. 
Malonate, oxalate, tartronate, mesoxalate, fluoro- 
malate, fluorocitrate, and ammonium chloride 
are examples. Their ketogenic action is shown 
in Table Ill. Malonate prevents the formation 
of oxaloacetate mainly by inhibiting succinic 
dehydrogenase. Ammonium chloride interferes 
with the tricarboxylic acid cycle at the stage of 
z-OxoOglutarate by causing its conversion to 
glutamate and glutamine. Most of the other 
agents inhibit the synthesis of C,-dicarboxylic 
acids from pyruvate and COg,. 


The determination of the level of oxaloacetate 
in the presence of various inhibitors directly 
shows the reduced steady state level of oxalo- 
acetate on addition of the ketogenic agents (Table 
IV). Fumarate, on the other hand, raises the 


(0-02 M pyruvate: 30 C: 60 min: 4 mi suspension) 
Pigeon liver 
(22-1 mg dry weight) 


Rat liver 
(35-0 mg dry weight) 


Additions oO, acetoacetate oO acetoacetate 


(other than pyruvate) (umoles) 


None 29:1 


Malonate (§ 10-*M) 


19-8 


Tartronate (107°M) 146 
Mesoxalate (5 10-°M) 12-7 
Oxalate (10-°M) 20-0 


Fluoromalate (5 10-*M) 13-6 
Fluorocitrate (10 31-6 
NH,CI (5 10-*M) 25:4 


(umoles) (umoles) (umoles) 


65 26:2 + 2-7 


94 19-8 


12.0 21-5 
139 73 + 7-5 
+ 12-2 16:3 -104 


12.4 11-8 
79 16-8 +104 
82 27:1 + 65 
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Taste 1V.—OXALOACETATE LEVEL IN PIGEON LIVER PARTICLE 
SUSPENSIONS IN THE PRESENCE OF KETOGENIC SUBSTANCES 


The data refer to wmoles in 8 ml suspension; 0-2 M pyruvate; 
30°C , 60 min; 32°6 mg dry weight 


Additions 


(other than Fluoromalate Oxalate Fluorocitrate 


pyruvate) None 10-*M) (107*M) (10-#M) 
O, used 3194 23.0 23:2 21-0 
Acetoacetate formed 11-6 +214 + 20-1 21-0 
Oxaloacetate present 0-12 0-06 0-07 0-05 


at end of experi- 
nent 


oxaloacetate level and substantially reduces the 
accumulation of acetoacetate in the presence of 
pyruvate (Table V). 


Tapie V Errecr of 
ACETOACETATE 


FUMARATE ON THE FORMATION. OF 
AND ON THE LEVEL OF OXALOACETATE IN PIGEON 
Liver PARTICLES INCUBATED WITH PYRUVATE 


The data refer to umoles in 8 mi suspension, 30°C; 60 min 
Pyruvate 
(0-02 M) 
Pyruvate Fumarate fumarate 
Substrates added (0-02 M) (0-02 M) (0-02 M) 
O, used 42-7 25:7 47° 
Acetoacetate formed 17-6 0-5 76 
Oxaloacetate present at O-18 0-41 0-21 


end of experiment 


Thus the supply of oxaloacetate can be a factor 
controlling ketone body formation, i.e. the fate 
of acetyl coenzyme A. But from what has 
already been said about the failure of oxalo- 
acetate to relieve some forms of ketosis, it is not 
the only limiting factor in ketone body 
accumulation. 


The Role of Coenzyme A Transferase in Ketosis 
It might be thought that apart from oxalo- 
acetate derived from carbohydrate, there is also 
a link between fat and carbohydrate metabolism 
at the level of ketone body utilization. The most 
important reaction in animal tissues which 
initiates the disposal of free ketone bodies is 


VI 


60 min O,; substrates 0-01 M. 


Substrates added: None Citrate 
Metabolic changes 
(umoles) 
Citrate 0 34-0 
Malate + fumarate 0 + $1 
a-Oxoglutarate 0 +29-0 
Succinate 0 + 14 


Pyruvate 


—OXIDATIVE METABOLISM OF PIGEONMLIVER HOMOGENATES IN THE PRESENCE OF 
DIFFERENT SUBSTRATES 


(The data refer to 8 ml liver homogenate containing 91:8 mg dry weight tissue 
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probably that catalysed by coenzyme A trans- 
ferase (Stern ef a/., 1956). This enzyme converts 
acetoacetate to its reactive form, e.g. aceto- 
acetyl CoA: 
succinyl CoA + acetoacetate > succinate 
acetoacetyl CoA. 
However, the supply of succinyl CoA is not 
dependent on carbohydrate; it arises as an inter- 
mediate in the tricarboxylic acid cycle at the rate 
of 2 molecules per molecule of acetoacetate. It 
is self-generating and therefore cannot be ex- 
pected to be a factor limiting the oxidative 
disposal of acetoacetate. 
Control of Substrate Utilization as a Factor in 

Ketosis 

There is, then, no evidence of a simple stoi- 
chiometric link between fatty acid and carbo- 
hydrate metabolism, in the form of an enzymic 
reaction involving one reactant derived from 
carbohydrate and another one derived from fat, 
such as earlier authors (Shaffer, 1921: Henze, 1930: 
Stéhr and Henze, 1932) had visualized. Yet that 
there is a further link between the metabolism of 
carbohydrate and fat is evident from the fact that 
when both are available they are not oxidized in- 
dependently of one another. The body as a whole, 
and many individual tissues, burn carbohydrate in 
preference to fat, and fat takes the place of carbo- 
hydrate as a fuel when the supply of carbohydrate 
is exhausted. The total energy supply remains 
approximately constant, irrespective of the nature 
of the fuel burned. The “sparing” effect of 
carbohydrate on the oxidation of fat may also be 
expressed by the statement that carbohydrate 
prevents the oxidation of fat. 

This competition between different substrates 
as fuels of respiration is shown by the following 
experiment in which various substrates were 
added to pigeon liver homogenate and the oxygen 
uptake, as well as some of the substrate changes, 
was measured (Table VI). Addition of sub- 


we 
The homogenates were prepared in the apparatus of Potter 
and Elvehjem from a mixture of 4 g of minced liver in 20 mi0-9°, KCI at 0°€ 
contained 2 ml of this homogenate. 1 ml 0-1M sodium phosphate buffer of pH 7:4. 
0-4 ml 0-155 M KHCO,, 0-4 mi 0:02 M MgCl, 0-4 ml 0-02 M sodium ATP, 0-4 mi 0-2 M 
substrate solution (sodium salt) and sufficient 1-15°,, KCI to make up 8 ml) 


Each cup 


a-Oxoglutarate Succinate Fumarate 
54:8 73-8 54-8 
04 3-0 §3 
26°6 39-0 
41-1 59 144 
60 61-6 0 


{ | 
0 4-2 103 90 98 
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WASHED PIGEON LiIveR PARTICLES IN THE 


PRESENCE OF DIFFERENT SUBSTRATES 


Washed pigeon liver particles, 8 ml suspension in saline medium (47-0 mg dry weight). 

30 C. 60 min O,. Medium: | ml 0-1 M Na-phosphate buffer pH 7:4; 0-4 ml 0-02 M MgCl, : 

0-4 ml KHCO,; 04 mi 0:02 M ATP; 2 ml washed particles in 1:18°, KCI; 
substrate solution 0-2 M (0-8 or 0-4 ml); 1:15°, KCl to 8 ml 


Substrates added None Pyruvate 
(0:02 M) 
Metabolic changes 
(umoles) 


67 713 
Pyruvate 0 117 
Acetoacetate + 12-5 
Citrate 0 + 
-Oxoglutarate O-8 + 119 
Malate fumarate 0 + 176 


strates did not affect the rate of oxygen consump- 
tion very much except in the case of succinate, 
which caused a substantial increase. In con- 
trast, the substrate changes were greatly affected 
by the additions. When no substrate was added, 
endogenous material served as a fuel and no 
intermediates accumulated. The data for the 
removal of the added substrates indicate that the 
added material largely replaced the endogenous 
material as a fuel. Thus, in the presence of 
citrate, about 30°, of the oxygen consumption 
was due to the conversion of citrate to x%-oxo- 
glutarate, about 3°, to the formation of succinate, 
about 16°, to the formation of malate and 
fumarate, and about 17°, to the formation of 
pyruvate. When x-oxoglutarate was added, the 
main oxidative reactions were the conversion of 
the substrate to succinate (5-5°,), to malate and 
fumarate (48-5°,) and to pyruvate (28°,). In 
the presence of succinate, the conversion of 
succinate to fumarate and malate accounted for 
265°, of the oxygen consumption. With 
fumarate as a substrate, most of the oxygen con- 
sumption was due to the stages of the tricarb- 
oxylic acid cycle between fumarate and z- 
oxoglutarate. 


Similar data were obtained with washed liver 
particles (Table VII). Again, the main metabolic 
reactions were those stages of the cycle nearest to 
the added substrate. In the case of pyruvate, 
this was the conversion of pyruvate to acetyl 
coenzyme A. 


In these experiments, the high concentration of 
the added substrate was no doubt an important 
factor in displacing other oxidizable materials as 
fuels of respiration. How the mechanisms 
operate which regulate the choice of substrate is 
by no means fully known, but it can be explained 
in general terms why the available nutrients are 
not simultaneously burned. 


A major factor is the circumstance that all 
oxidations involve the same co-factors and are 
therefore not entirely independent processes. 


Citrate a-Oxoglutarate Fumarate 
(0-01 M) (0-01 M) (0-0l M) 
430 48-1 56.0 
2-4 + 44 2:7 
1-4 + 07 13 
37-0 + 16 2:8 
16-0 20-6 75 
18 11-6 542 


The transport of hydrogen from a substrate to 
molecular oxygen generally involves three types 
of catalysts which are arranged in series. They 
are the pyridine nucleotides, flavoproteins and 
iron-porphyrins and only the first step of the 
transport chain varies from substrate to sub- 
strate. This is shown diagrammatically in Scheme 


Scuemt 2 —Jowr PatHways of HYDROGEN TRANSPORT FROM 
SUBSTRATES TO MoLecutarR OXYGEN 


| actate a-Oxo acids Glutamate Malate 8-Hydroxy- 


fatty acids 
\ 2H 
2H 
2H 
2H 


Pyridine nucleotide 


2H 


Succinate 


2H 
Fatty 
2H 
Flavoprotein 


2H 
Cytochrome 
2Hi 2c + 2H*) 


oO, 


Choice of substrate thus means competition of 
several substances for the same catalyst. 


Over-production or Under-utilization of Acetyl 

Coenzyme A 

The concept of substrate competition suggests 
that ketosis may be a condition where the balance 
of substrate utilization is disturbed. Ever since 
it has been appreciated that ketone bodies can be 
normal intermediates of metabolism it has been 
realized that the accumulation of ketone bodies 
could be due either to over-production or to 
under-utilization. In the light of present 
knowledge, this means over-production or 
under-utilization of acetyl coenzyme A. If the 
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utilization of acetyl coenzyme A through the tri- 
carboxylic acid cycle is impeded, then any excess, 
instead of undergoing oxidation, would be ex- 
pected to be shunted in the liver to the synthesis of 
ketone bodies. On the other hand, an over- 
production would mean that more acetyl 
coenzyme A is formed than is needed for energy 
release and this excess would again be expected 
to be shunted to the synthesis of ketone bodies. 


There is no evidence of under-utilization of 
acetyl coenzyme A in the ketotic organism, in the 
sense of the reduced rate of the tricarboxylic acid 
cycle. The capacity of the body as a whole to 
burn acetate is never fully used in a resting 
organism. On exercise, the total energy supply 
may be trebled and of this increase about two- 
thirds is due to the oxidation of acetate. It is 
true that the differences in respiration between the 
resting and maximally active tissue are small in 
liver (where most of the ketone bodies are pro- 
duced) but numerous measurements of the 
respiration of liver preparations in vitro have 
shown that the rate of respiration, in terms of 
Co,, is not depressed in starvation, although the 
rate of ketone body accumulation may rise four- 
fold (e.g. Edson, 1935, see Table VIIL). It is thus 


Vil. 
ACE FOACETATE 


TABLE COMPARISON OF RATES OF RESPIRATION 
FORMATION IN THE LIVER OF STARVED 


Weit-tep Rats 


AND OF 


AND 


Average values (Edson, 1935) 


Qo, Qacetoacetate 
Well-fed liver 0-33 
Starved (24 h) liver 10-6 1-34 


clear that ketosis can occur whilst the total 
oxidative capacity of the liver and the rate of 
utilization of acetyl coenzyme A through the 
tricarboxylic acid cycle are normal. 


This indicates that ketone body accumulation 
is not due to under-utilization, but to over- 
production of acetyl coenzyme A, and raises the 
question of why over-production occurs. 


Accumulation of Intermediary Metabolites 

An over-production of intermediary metabol- 
ites and their accumulation is a most exceptional 
event in animal tissues. The non-accumulation 
indicates that intermediates when available react 
in preference to the starting material. A sub- 
strate molecule of respiration, once its oxidation 
has been initiated, burns to completion before a 
new molecule is attacked. This can be directly 
demonstrated by adding intermediates of the 
tricarboxylic acid cycle to respiring tissues. As 
already discussed (see Table VI) the result of the 
addition is a suppression of the oxidation of the 
endogenous substrates, such as glucose or fat. 
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Whilst this inhibition by intermediates is the 
rule, it does not apply to the ketotic state where 
the presence of acetyl coenzyme A or ketone 
bodies does not suppress the attack of new sub- 
strate molecules. The ketotic disorder might 
thus be looked upon as a failure of acetyl co- 
enzyme A or of ketone bodies to suppress the 
breakdown of new substrate molecules which 
yield more acetyl coenzyme A. The reasons for 
such a failure are still a matter of speculation. 
There are many factors on which the rate of 
degradation of a particular foodstuff depends 
the activity of the enzymes, the availability of 
coenzymes and the presence of other foodstuffs. 
The fact that ketosis can be caused by extracts of 
the anterior pituitary suggests that pituitary 
hormones also play a role in co-ordinating acetyl 
coenzyme A utilization and production. The 
ketogenic activity of the anterior pituitary appears 
to be inseparable from its fat-utilizing (“adipo- 
kinetic’) activity. This would support the 
assumption that the anterior pituitary plays a part 
in the control of the rate at which fatty acids are 
oxidized to acetyl coenzyme A. 


How such a control is exerted is unknown. It 
is likely that the hormone regulates the activity of 
a key enzyme. Several cases are known where 
the activity of enzyme is under hormonal control. 
An example is adrenaline which promotes the 
conversion of inactive phosphorylase to the 
active enzyme and thereby accelerates the con- 
version of glycogen to hexose phosphates 
(Sutherland and Cori, 1951: Sutherland and 
Wosilait, 1956; Rall e7 al., 1957). 


Prevention of Ketosis by Dietary Measures 

Even without full knowledge of the reasons of 
ketosis and of the factors controlling the forma- 
tion of acetyl coenzyme A, ketosis can to some 
extent be controlled experimentally and thera- 
peutically by dietary measures, i.e. by the admin- 
istration of antiketogenic instead of ketogenic 
food. Whether a food is ketogenic or anti- 
ketogenic has long been established empirically 
for the main foods (see Magnus-Levy, 1925). The 
knowledge of intermediary metabolism makes it 
now possible to predict the ketogenic and anti- 
ketogenic properties of food constituents on the 
following basis. 


The energy supply from all foodstuffs com- 
prises two major stages (Scheme 3). The first 
consists of the reactions leading from the food- 
stuffs to acetyl coenzymes A or to other inter- 
mediates of the tricarboxylic acid cycle. The 
second is represented by this cycle itself. On 
ordinary diets, about two-thirds of the energy is 
set free by the tricarboxylic acid cycle and one- 
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SCHEME 3. —ENERGY-VIELDING REACTIONS LEADING TO THE TriCaRBOxYLIC CYCLE 


Carbohydrate Glycerol Alanine Fatty acids Leucine Glutamate Aspartate 
Serine Tyrosine Histidine Tyrosine 
Cysteine Phenylalanine Prolines Phenylalanine 
Arginine 


Pyruvate 


v 


v 


Acetyl coenzyme A Oxaloacetate 
Tasit IX. Retarive AMOUNTS OF ENERGY OBTAINED FROM VARIOUS SUBSTRATES (1) BY OXIDATION OF ACETATE (LE. TRICARBOXYLIK 
Acip Cycie) (2) By Srers LEADING ACETATE 
(The amounts of energy are expressed by amounts of O, required and of ATP formed ATP formation is calculated on the 
assumption that a itive steps yield 3 ATP per one oxygen atom except the reactions a-ketoglutarate + succinate (4 ATP) and 
H.C CH CH (2 ATP) The latter type of reaction occurs in the oxidation of succinate and of fatty acids) 
Mole O, required for ATP tormed of ATP formed 
Steps leading to Tricarboxylic Steps leading to Tricarboxylic through 
tricarboxylic acid tricarboxylic acid tricarboxylic 
Substrate acid cycle cycle acid cycle cycle acid cycle 
Carbohydrate triose equivalent) 2 7° 12 63 
Fatty acids (long ch per each C, fraction) i 2 Ss 12 71 
Fatty acids (C,-residue or ityrate) 24 83 
Glycerol 1} 2 9 i2 $7 
Lactic acid i 2 6 12 67 
Propioni 1} 2 6} 12 67 
Succinic acid 1} 2 x 12 60 
Citric acid 24 2 iS 12 44 
Glutamic acid 24 2 1S 12 44 
Propanol 2} 2 1s 12 44 
. 1, 2-Propylene glycol 2 2 12 12 50 
Acetic acid 0 2+ i2 100 
e Tyrosine 34 6 
Phenylalanine 4 128 7s 
*The ATP fi ed trom carbohydrate includes that formed anaerobically This amounts to one ATP per triose equivalent when 
glucose is the starting iterial 
tAcetic acid requires the expenditure of two pyrophosphate bonds before it can enter the tricarboxylic acid cycle, and yield energy, 
an the reactions by which acetate is activated being 
acetate ATP CoA + acety! CoA AMP PP 
As far as is known the pyrophosphate ts subsequently hydrolysed, and the AMP is phosphorylated by a second molecule of ATP to 
form 2 ADP 
AMP ATP -- 2 ADP 
The balance of the reaction leading to the entry of acetate into the cycle is therefore 
acetate 2 ATP + CoA -+ acetyl CoA 2 ADP 2 phosphate 
tLike acetate, proj ate requires the expenditure of two pyrophosphate bonds, to be converted into its reactive form, ice. 
propionyl-CoA. Propiony! CoA is converted to succinyl CoA before it can yield energy and a further molecule of ATP is used for this 
conversion 
propionyl CoA + CO, + ATP -+ methyl malonyl CoA ADP P 
methyl malonyl CoA succiny! CoA 
It is likely that the energy-rich bond of succinyl! CoA can be utilized for the generation of ATP through the reactions 
| 
| succiny! CoA + GDP + P =— coenzyme A + GTP + succinate 
GTP + == GDP ATP 


which are intermediary stages in the oxidation of a-ketoglutarate and are taken to occur in all cells which perform the tricarboxylic 
acid cycle = It 1s also Known that succrnyl-CoA can be used for “activating” acetoacetate through the reaction: 


succinyl! CoA acetoacetate succinate + acetoacetoy! CoA 


and it can thus save ATP required for the “activation” of acetoacetate Thus. allowine for the net effect of these reactions, 2 ATP 
molecules are required for the “activation’’ of propionate 


§ Several steps of the oxidation of tyrosine (p-hydroxyphenyl pyruvate - maleyl-acetoacetate, equivalent to 2 O,) are probably 
not atilized for the synthesis of ATP (see text) 
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third by the reactions leading to it. A diet can 
be so modified that the proportion of the total 
energy supplied derived from the cycle, i.e. from 
the utilization of acetyl coenzyme A, varies. If 
ketosis is due to an excess of acetyl coenzyme A, 
irrespective of whether the excess arises from 
under-utilization or over-production, it should be 
relieved by a diet in which less of the energy 
supply depends on the utilization of acetate and 
more on the reactions leading to the formation of 
acetate (it being understood that the total oxygen 
consumption stays at a given level). 

Table IX lists the distribution of the energy- 
supplying stages between these two phases of 
metabolism. The list does not aim at complete- 
ness but includes substances which may be of 
therapeutic interest, especially with reference to 
bovine ketosis. The relative contributions to 
the energy supply are expressed by two different 
standards, viz. the amounts of O, required and of 
ATP formed. In calculating the. formation of 
ATP, the assumption has been made that all 
oxidative steps yield 3 ATP molecules per oxygen 
atom except the reaction z-oxoglutarate ——> 
succinate which yields 4 ATP and the reaction 

CH,.CH, » ~CH:CH~- which yields 2 
ATP. The latter reaction occurs in the dehydro- 
genation of succinic and of fatty acids, including 
propionic acid and the fatty acid derived from 
leucine, i.e. isovaleric acid. There are uncertain- 
ties in the calculation of the ATP yield from 
tyrosine and phenylalanine because the degrada- 
tion of these two amino acids includes oxidative 
steps which probably cannot be coupled with 
phosphorylation. They are the steps between 
hydroxy-phenylpyruvate, via homogentisic acid, 
to maleyl-acetoacetate (Hager er al., 1957: 
Schepartz, 1953: Knox and Edwards, 1955; 
Dalgliesh, 1955). The enzyme systems con- 
cerned with these stages do not seem to contain 
pyridine nucleotides, flavoproteins and iron- 
porphyrins and as a rule only ecxidations which 
involve these catalysts can be coupled to 
phosphorylation. 

The two standards used for measuring the 
energy supply—-O, consumption and ATP 
formation—give in general parallel values, but 
there are some differences, and the ATP values 
are of more immediate interest because they are a 
measure of the utilizable energy. 

There are three substances in the list which 
release more than 80°, of the energy through the 
tricarboxylic acid cycle. They are acetate 
(100°,), the C,-fatty acid (83°,), and leucine 
(82°,). These substances are known to be the 
main ketogenic materials of a normal diet. 


Antiketogenic are those substances which 
relieve the pressure on the tricarboxylic acid 


cycle by providing energy through reactions out- 
side the cycle. The more energy that can be 
obtained from reactions other than those of the 
cycle, the greater this antiketogenic effect can be 
expected to be. This is in fact the case. Accor- 
ding to Table IX, the most effective antiketogenic 
substances are expected to be propanol, citrate 
and glutamate. These substances yield more 
ATP by reactions outside the cycle than is yielded 
by the cycle itself. The next best substance is 1 ,2- 
propylene glycol, followed by glycerol, succinate, 
propionate, glucose and lactate. 


A precise quantitative measurement of the 
antiketogenic activity in the intact animal is 
difficult if not impossible, but qualitatively the 
experience gained from experiments on_ the 
ketosis of starvation, of pancreas diabetes and of 
cows suffering from bovine ketosis is as expected. 
The results of earlier experiments on the anti- 
ketogenic effects of various substances have been 
summarized by Magnus-Levy (1925). The anti- 
ketogenic effect of glucose has long been known. 
Those of lactate, glycerol, citrate, glutamate and 
propionate have been observed on humans and on 
dogs by Baer and Blum (1907), Satta (1906), and 
Borchardt and Lange (1907). More recently 
their antiketogenic effects, as well as those of 
1,2-propylene glycol, have also been noted in 
cases of bovine ketosis (Schultz and Smith, 1951; 
Schultz, 1952, 1954; Johnson, 1951, 1954; Mills, 
1954; Maplesden, 1954). In testing the anti- 
ketogenic activity, complications may arise when 
the substance under test is acidic and adminis- 
tered as an alkali salt. Neutral substances have 
probably the advantage of greater palatability 
and of rendering unnecessary an intake of a 
major quantity of alkali. 


There is thus sufficient information to supple- 
ment a diet so as to make it less ketogenic. 


Hormonal Therapy 

Since, however, the type of energy-supplying 
reaction—whether energy is derived from carbo- 
hydrate, fat or protein—-is not solely controlled 
by the diet but also by hormones, methods of 
treatment may be based on either dietary changes 
or hormonal supplements. An example of the 
effectiveness of a hormonal supplement is the 
insulin therapy of diabetes, and insulin is certainly 
also the most effective remedy for those types of 
ketosis where carbohydrate cannot be utilized 
because of lack of insulin, i.e. the common forms 
of diabetic ketosis. It is of course of no avail 
when it is not a limiting factor in carbohydrate 
utilization, as is the case in bovine ketosis. 
Numerous reports have appeared in recent years 
on the successful treatment of this type of ketosis 
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with cortisone, hydrocortisone and related sub- 
stances (Shaw, 1955, 1956: Paterson, 1957; 
Gessert et al., 1955: Shaw et al., 1955; Link er al., 
1957; Vigue, 1955). The glucocorticoids are 
antiketogenic because they inhibit the degradation 
of fat and favour the utilization of carbohydrate. 
The mechanism of action of these hormones is 
not yet known in detail, but its study is a field 
now ready for further experimental work. The 
immediate problem is to pin-point the enzymes of 
fat and/or carbohydrate metabolism on which 
these hormones act. 


Whilst, thanks to insulin, the problem of treat- 
ing diabetic ketosis is now well in hand, this can- 
not be said with equal confidence of bovine 
ketosis in which, however, the difficulty is in 
practical management rather than ignorance of 
basic principles. A pattern for the treatment of 
ketosis is provided by the experience of diabetes 
mellitus in man. Diabetes, like bovine ketosis, is 
primarily an upset of endocrine balance and in 
this type of condition the two therapeutic ap- 
proaches, dietary and hormonal, aim at restoring 
to normality a dis-equilibrium: to replace the 
deficient hormone by supplements and to modify 
the diet in order to assist the body’s diminished 
capacity for maintaining the metabolic balance. 
In some cases, depending on the type and severity 
of the disease, one method of treatment, either 
dietary or hormonal, may be adequate. In 
other cases, a combined dietary and hormonal 
treatment is called for. 


Conclusion 

The development of biochemical knowledge 
has substantially deepened our understanding of 
ketosis but the final answer to the question of 
why ketone bodies accumulate under certain 
conditions still cannot be given. The newer 
knowledge allows us to formulate the problem 
more precisely: in ketosis, acetyl coenzyme A or 
acetoacetate fail to prevent the oxidation of 
substrates which provide further acetyl coenzyme 
A. This is in contrast to the general rule that 
intermediates do not accumulate because their 
presence suppresses the degradation of the 
material from which they arise. Full under- 
standing of the ketosis problem will have to await 
more information on how the degradation of 
foodstuffs is controlled, but, on the practical side, 
enough information is available to treat ketosis 
effectively in man and in farm animals. 
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Professor Russell Fraser and Dr. G. F. Joplin 
(London) 
Assessment of Pituitary Function after Pituitary 
Ablation 

In 1941 Fraser and Smith proposed certain 
tests which could be used to confirm the rather 
vague syndrome described by Simmonds in 1914. 
Sheehan and Summers (1949) have found that 
85-95°, of anterior pituitary tissue is usually 
destroyed before Simmonds’ syndrome develops: 
lesser degrees of pituitary destruction neither 
produce the syndrome nor give rise to abnormal 
tests. Thus when abnormal tests are obtained 
after attempted ablation of the pituitary, there is 
good reason to believe that the function of more 
than 95°, of the hypophyseal tissue has been 
destroyed. 


However, the results of these tests may be in- 
fluenced not only by the pituitary ablation but 
also by widespread malignant disease. Provided 
those least influenced by cachexia alone are 
chosen, indirect tests of thyroid and adrenal 
function are satisfactory for assessing pituitary 
destruction, although a special series of tests is 
necessary for the few patients who have been 
adrenalectomized before they have been hypo- 
physectomized. In studying severely ill patients 
it is preferable to use tests which can easily be 
repeated provided they are sufficiently sensitive 
and specific. 


For these reasons the tests used have mainly 
been a radioiodine test for thyroid function and 
the water diuresis test (W.D.T.) for adrenal 
function together with an _ electrocardiogram. 
When these give an abnormal result, the estima- 
tion of urinary gonadotrophin excretion has often 
been performed in addition. No reliance has 
been placed on urinary steroid excretion because 
this is often seriously reduced in malignant and 
other cachectic states without there being any 
pituitary involvement. We have, however, noted 
whether patients developed clinical evidence of 
acute cortisol deficiency after cortisone is with- 
drawn on the tenth post-operative day. 


The development of clinical dependence on 
exogenously administered cortisone indicates a 
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severe degree of hypopituitarism, and we have 
used this as a clinical criterion against which to 
measure the adequacy of pituitary function tests 
in the presence of carcinomatosis. We have been 
concerned in assessing the adequacy of pituitary 
ablation after needle implantation of radioactive 
yttrium (Y) but the tests should be equally 
applicable after surgical hypophysectomy al- 
though any return of pituitary function is less 
likely after treatment with Y because of irradia- 
tion to any pituitary remnants. 


The tests were first done ten to fourteen days 
after the implant and thereafter at intervals of 
three to six months to check the persistence of any 
abnormalities. During the first week after the 
operation the patients received 50 mg cortisone 
daily which was gradually reduced and stopped 
over the seventh to tenth post-operative days. 
The first water diuresis test was done on the 
twelfth day— thirty-six hours after the last dose of 
cortisone. During the next week a radioiodine 
test was done and the patient watched carefully 
for clinical evidence of cortisol deficiency. If 
this developed the W.D.T. was repeated and then 
appropriate treatment instituted. If no evidence 
of cortisol-deficiency developed within two weeks 
of stopping cortisone, the tests were usually 
normal and a decision was taken as to whether 
a further implant should be done. 


Results 

The results of these tests have been assessed in 
35 patients who have been followed for three to 
forty-eight months following implantation. Fig. | 
shows that the results of the first radioiodine tests 
carried out after implantation gave a good indica- 
tion of subsequent pituitary function. The 
patients are grouped according to the mean result 
of the several post-implantation radioiodine tests. 
It is evident that the initial separation of the 
groups is maintained during later months. 


The patients can be divided into two clinical 
groups: the “‘cortisone-dependent™ cases who 
developed evidence of acute cortisol-deficiency 
when cortisone was withdrawn in the post- 
operative period and therefore had _ clinical 
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Fic. 1.—-Serial radioiodine tests after pituitary implantation with “°Y. (35 cases, grouped 
by mean post-implant values.) 


hypopituitarism, and those who did not develop 
the withdrawal syndrome and who presumably 
had insufficient pituitary destruction. 


Water diuresis test.—This is simple, cheap and 
needs only a short period of accurate urine 
collection. Only a small water load of 1 litre 
has been used so as to avoid nausea, and it must 
be suitably flavoured with lemon or even tea. 
Because the result may be abnormal in heart 
failure or renal disease, it is important to ascertain 
the pre-operative value. If any difficulty in 
interpretation arises, the test should be repeated 
after full substitution with cortisone. The con- 
trasting results in patients with and without 
cortisone dependency is shown in Fig. 2. Corti- 
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Fic. 2.—Water diuresis test results: A, pre-implant; 
B, not on cortisone (between twelfth and nineteenth 
day post-implant); c, after full clinical restoration with 
resumed corticosteroid dosage. The patients are 
grouped according to development of cortisol- 
deficiency syndrome after cortisone withdrawal. Each 
plot is the mean of all test results for the patient while 
in the phase. 


sone administration for ten days post-operatively 
does not seem to have reduced the reliability of 


this test of adrenal function: the incompletely 
hypophysectomized patients showed no signitfi- 
cant adrenal suppression, and the results in the 
cortisone-dependent group were in general 
agreement with other assessments of pituitary 
function. During withdrawal of cortisone re- 
peated tests were made until clinical cortisone- 
dependency was clearly established—the last 
test usually giving the most abnormal result. The 
mean four-hour diuresis in the adequately hypo- 
physectomized patients not receiving cortisone 
was usually less than 50°, or 500 ml, the volume 
being on average at least 380 ml less than the 
value obtained either pre-operatively or after 
full substitution with cortisone (Fig. 2). In very 
ill patients or those whose endocrine status is 
uncertain, it is important to establish that a 
reduced water diuresis can be returned to normal 
with cortisone treatment. 


In several patients serial tests during the initial 
cortisone withdrawal period and during subse- 
quent restoration with corticosteroids throw some 
interesting and practical light on the speed with 
which this renal tubular abnormality develops 
and then recovers with heavy substitution dosage 
(Figs. 3a and 3p). The restoration dosage was 
not standardized at first but did approximate our 
current regime which is 20 mg prednisone im- 
mediately, followed by 5 mg hourly for six hours 
and thereafter 5 mg four-hourly until there is full 
clinical recovery and restoration of a normal 
diuresis, when the dosage is changed to the stan- 
dard maintenance of 12-5 mg cortisone eight- 
hourly. Often there is a clearly abnormal result 
on the second day of cortisone withdrawal (Fig. 
3a) and the response may steadily decrease to a 
maximum abnormality usually attained by the 
seventh day. Only one patient had an abnorm- 
ally small diuresis on the second day but later a 
normal result without cortisone. Correspond- 
ingly the restoration of a normal diuresis tends to 
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be gradual over a period of about seven days even 
with heavy prednisone dosage. This slow return 
to normal is analagous to that of the hypothyroid 
abnormalities on administration of thyroxine 
(tbbertson a/., 1959): probably both require 
some gradual restoration of tissue enzymes before 
full cellular responsiveness to the hormone is 
attained. 


Our conclusions regarding the water diuresis 
test are therefore that (1) the test should be done 
on the second day of cortisone withdrawal; (2) 
it should be repeated on the day the cortisol- 
deficiency syndrome develops or at the latest on 
the seventh day (if insufficiently abnormal, in- 
complete hypophysectomy is implied); and (3) 
when a after corticosteroid restoration is 
needed it should be done on the seventh day of 
full prednisone treatment as outlined above. 


test 
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Radiviodine.—This test, which can be carried 
out with or without cortisone maintenance, ts 
usually done after the water diuresis test. Though 
it is perhaps the best index of hypophysectomy, 
by itself it is not sufficient because management of 
the patient demands knowledge about the 
patient’s clinical dependence on cortisone. The 
most satisfactory radioiodine test is the forty- 
eight-hour neck uptake. Subdivided urinary 
collections may also be made but collections are 
not always reliable in these patients. Because 
the normal limits of the 48-hour protein-bound 
‘SIT test extend to very low values, this is not 
reliable for demonstrating hypofunction. Al- 
though in many patients with definie but 
moderate Simmonds’ disease the forty-eight-hour 
neck uptake may be normal (Fraser ef a/., 1953), 
this is of no disadvantage in cancer patients in 
whom a severe degree of hypopituitarism is 
required and in whom therefore there should be 
a significant lowering of the neck uptake. 16 of 
the 19 patients who were clinically cortisone- 
dependent had a forty-eight-hour radioiodine 
uptake of less than 25°, whereas in 5 of the 9 
cortisone-independent patients it normal 
(Fig. 4). 


Was 


neck 


Water 4-hr% 


. me. 
Urine FSH omg HMG 20A 
9-6 26 08 
— Norma! —_ © Cortisone dependent 
(menopausal for 
PSH) 
Fic. 4. Summary of the three main tests of pituit- 


ary function at twelve to twenty days after pituitary 
implant, contrasting patients with and = without 
cortisone-dependency 


Electrocardiogram.— This is 2n important sup- 
plementary test, especially in the initial post- 
operative cortisone withdrawal phase. When 
the cortisone-withdrawal syndrome is observed, 
an ECG is taken before treatment with prednisone 
is started. Restoration of any abnormalities, 
particularly T-wave changes, can be re-examined 
on the seventh day after full corticosteroid 
restitution. It is important to remember that 
later a deficiency of thyroxine will produce its own 
ECG abnormalities. However, after full thyrox- 
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ine replacement the ECG may again be used to 
detect cortisone-dependence. Within two weeks 
of pituitary destruction there is still enough 
thyroid hormone in the tissues to enable the ECG 
to reflect the tissue supply of cortisol. 


The results obtained with the two chief tests 
water diuresis and radioiodine uptake—during 
the post-implantation phase are shown for the 
cortisone-dependent and cortisone-independent 
patients in Fig. 4. Also shown are the results of 
F.S.H. estimations in some of the patients. 3 
of the clinically hypopituitary patients did not 
have an abnormal radioiodine test and may, 
therefore, have had a sub-optimal hypophysec- 
tomy. In the cortisone-independent group the 
radioiodine test was normal or near-normal. The 
results of the water diuresis test in the cortisone- 
dependent patients are those obtained in the last 
test done while not on cortisone and just before 
corticosteroid replacement. All are abnormal. 
The single near-normal value of 66°, was in an 
exceptional patient who did not show cortisone 
dependency until three weeks later. Two of the 
low values could not be restored to normal by 
cortisone and probably reflect a cardiovascular 
or renal abnormality. In the cortisone-independ- 
ent group, the diuresis values are the mean of 
several tests done after cortisone withdrawal. No 
constant trend was observed. The lowest value 
of 14% could be partially restored by cortisone: 
the response to cortisone was not tested in the 
patient with the next lowest value of 30°%, while 
the third lowest (42°4) was an improvement on 
values obtained before implantation. 


The F.S.H. values confirmed pituitary des- 
truction by being abnormally low in all but 3 of 
the cortisone-dependent patients. More results 
are needed in the other group to decide whether 
this test may not prove too sensitive. A com- 
parison of these three tests suggests that radio- 
iodine uptake may be the more stringent 
criterion, since it was normal in a few cases with 
adrenal insufficiency and low gonadotrophins. 
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Mr. A. P. M. Forrest, Mr. A. W. Sim and Dr. 
Helen J. Stewart (Glasgow): 


Pituitary Function Tests After Radioactive 
Implantation of the Pituitary 


The extent of pituitary destruction following 
radioactive implants can be assessed quantitative- 
ly by histological examination of the contents of 
the sella turcica after death. In this way the 
effect of implanting either radon seeds, or rods or 
screws of yttrium-90 into the pituitary fossa has 
been estimated in 62 women with advanced 
malignancy (Dr. A. T. Sandison). The methods of 
implantation and examination of the pituitary 
have been described elsewhere (Forrest ef al., 
1959). The results reveal that only by %Y 
screw-implantation can consistently complete or 
near-complete destruction be assured, destruction 
being defined as complete loss of cell outlines and 
nuclei; recognizable cells with nuclei are regarded 
as viable, although they may have received 
sufficient radiation to impair their function. 


Various biochemical tests have been used to 
measure the extent of pituitary destruction during 
life and we have correlated these with the extent 
of the destruction found after death. 


Pituitary Hormones 


Gonadotrophins.— Using the method of Loraine 
and Brown (1954), no gonadotrophin was found in 
the urine of 4 patients treated by implantation of 
the pituitary with radon seeds, despite incomplete 
anatomical destruction of the gland in 3 of them. 
In an acromegalic with breast cancer treated by 
implantation, urinary gonadotrophins could 
not be detected although suppression of 17- 
ketosteroid secretion by prednisolone clearly indi- 
cated persistent pituitary function. Thus absence 
of gonadotrophic activity in the urine, estimated 
by the methods at present available, is not evi- 
dence of complete anatomical destruction of the 
pituitary gland. 


Adrenal and Ovarian Hormones 


Estimations of neutral 17-ketosteroids, their 
1l-oxy and 11-deoxy fractions and cestrogens in 
the urine, and 17-hydroxycorticosteroids in 
peripheral blood, were done in patients with 
breast cancer after radioactive implantation of 
the pituitary, both while receiving maintenance 
cortisone therapy and when this was temporarily 
discontinued. 


Total neutral 17-ketosteroids were estimated by 
the modified Callow-Zimmerman method 
(Medical Research Council, 1951) and their 
ll-oxy and 11-deoxy fractions by the methods 
previously described by Hobkirk (1958). Urinary 
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Fic. 1.—-Total neutral 17-ketosteroids in the urine 
of 17 patients with breast cancer after implantation of 
the pituitary with ®*Y. The means and ranges of all 
estimations carried out within six months of implanta- 
tion while patients were receiving 50 mg cortisone a 
day are shown 


cestrogens (cestriol, aestrone and oestradiol-17B) 
were estimated by Brown’s method (Brown, 
1955; Brown er al., 1957) and plasma 17- 
hydroxycorticosteroids by a modification of the 
Porter-Silber technique (Porter and Silber, 1950). 
As the penetrating gamma rays emitted by radon 
are more likely to cause functional damage to 
histologically normal cells which surround the 


zone of complete necrosis, only estimations 
carried out in patients following “Y implants, 
which emit only beta particles, have been 
considered. 

Estimations during cortisone — substitution 


therapy..-Repeated estimations of the twenty- 
four-hour excretion of total neutral 17- 
ketosteroids were made in 17 patients after *°Y 
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2.— Urinary 11-deoxy 17-ketosteroids in & 
patients with breast cancer after implantation of the 
pituitary with *Y. 


implantation of the pituitary and while on 
maintenance cortisone therapy (SO mg per day). 
The mean value for each patient was not related 
to the extent of pituitary destruction as deter- 
mined after death (Fig. 1). Estimations of 
1-oxy 17-ketosteroids in seventy-two-hour pools 
of urine were similarly without significance. 
These steroids (11-hydroxyztiocholanolone, 11- 
hydroxyandrosterone, _11-ketoztiocholanolone, 
11-ketoandrosterone) are mainly metabolites of 
glucocorticoids and thus of the cortisone ad- 
ministered to the patient. 

The 11l-deoxy 17-ketosteroids (ztiocholano- 
lone, androsterone and dehydroepiandrosterone) 
are metabolites of the androgens (mainly /\* 
androstene 3 : 17 dione) of adrenocortical, and in 
the case of ztiocholanolone partially of ovarian 
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Fic. 4.—Urinary steroids during cortisone withdrawal in 3 patients with breast cancer treated 


by implantation of the pituitary with *Y and subsequently shown to have 99°/, 90°%, 


90°¢ of the pituitary gland destroyed. 


origin (Birke et al., 1958). They are not signifi- 
cantly derived from endogenous or exogenous 
cortisol. These ketosteroid fractions can rarely 
be detected in the urine of patients with breast 
cancer after total adrenalectomy and oophor- 
ectomy whether cortisone is being taken or not. 
After pituitary implantation with “Y — the 
amounts detected in the urine were generally low 
provided that 90 to 100% of the gland was 
destroyed (Fig. 2). Of 2 patients with complete 
destruction of the gland one still excreted signifi- 
cant amounts of all three steroids seven weeks 
after implantation; in the urine of the other none 
was detected. 


Recoverable amounts of cestriol, cestrone and 
cestradiol-17B, estimated chemically, may still be 
present in the urine of women with breast cancer 
after adrenalectomy and oophorectomy. After 
pituitary implantation the amounts present were 
roughly inversely proportional to the extent of 
destruction of the gland. However, in 3 patients 
with 99° destruction and in 1 with complete 
destruction significant quantities were still 
detected in the urine while in a patient with only 
60°, destruction none was recovered (Fig. 3). 


Estimations during cortisone withdrawal.—In 
our experience adrenalectomized women can 
tolerate cortisone withdrawal for thirty-six hours 
to five days. During this period those urinary 
steroids which are metabolites of cortisol pro- 


and 


gressively fall to zero or near-zero levels (11-oxy 
17-ketosteroids and total 17-ketosteroids) while 
17-hydroxycorticosteroids disappear from the 
peripheral blood. The 11-deoxy 17-ketosteroids 
are absent from the urine whether cortisone is 
taken or not and the excretion of cestrogens and 
pregnanediol are unaffected by the absence of 
cortisone (Hobkirk a/., 1959). 


After surgical hypophysectomy (Lipsett er al.. 
1957) or radioactive implantation of the pituitary, 
patients remain well without cortisone therapy 
for longer periods of time and in most no ill- 
effects occur during a five-day period of cortisone 
withdrawal. Estimations of urinary steroids have 
been carried out in several patients after %Y 
implantation before and during a five-day period 
of cortisone lack and during the subsequent five 
days when cortisone was restarted in a larger dose 
(150 mg/day). The patterns of urinary steroids 
for 3 such patients in whom anatomical destruc- 
tion of the pituitary was subsequently shown to be 
99°%, 90°, and 90% respectively are shown in 
Fig. 4. In all 3 patients the total 17-ketosteroids, 
Il-oxy and 11-deoxy fractions and cestrogens 
behaved similarly notwithstanding the difference 
in the extent of damage to the gland. 


In 2 patients daily estimations of plasma 17- 
hydroxycorticosteroids were carried out during 
cortisone withdrawal; in both patients they fell 
to undetectable levels despite incomplete des- 
truction of the gland in one. Ina patient witha 
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stricture of the bile duct who had been treated by 
cortisone 50 mg per day for four months, abrupt 
withdrawal of the cortisone also resulted in a fall 
of 17-hydroxycorticosteroids in the plasma to 
irrecoverable levels. The results in hypophysec- 
tomized patients maintained on cortisone are 
therefore not a reliable test for residual pituitary 
function 


Prednisolone suppression test.—In 2 women 
with breast cancer treated only by mastectomy 
the excretion of neutral 17-ketosteroids was 
reduced by the administration of prednisolone 
50 mg per day for six days compared with that on 
a similar dose of cortisone. 3 patients treated by 
pituitary “’Y implantation failed to show this 
response; the histological assessment of gland 
destruction was 90°, in 2 and 99°, in the third. 


Conclusions on adrenal function tests.—While 
the results of these tests suggest that adreno- 
cortical function is markedly depressed following 
effective implantation of the pituitary with %Y, 
it is difficult to decide to what extent these 
hormone assays can differentiate between the 
completely destroyed pituitary and that in which 
small groups of histologically normal cells 
remain. In patients treated by pituitary irradia- 
tion this difficulty is increased by the impossibility 
of knowing whether these residual cells are 
capable of function. The effect of replacement 
cortisone therapy in depressing adrenocortical 
function may also lead to difficulty in evaluating 
the tests and clearly merits further study. 


It has been shown in man that conservation of 
salt, an aldosterone effect, is unaffected by hypo- 
physectomy (Maclean er al., 1957) which may 
account for the greater tolerance to the absence 
of cortisone shown by hypophysectomized as 
compared to adrenalectomized patients. Our 
finding of significant excretion of I1-deoxy 17- 
ketosteroids despite complete destruction of the 
pituitary suggests that the unstimulated adrenal 
may also secrete androgenic steroids. 


From studies carried out in collaboration with 
Dr. J. Grant, Department of Biochemistry, 
University of Edinburgh, and Dr. R. Short, School 
of Veterinary Medicine. Cambridge, it appears 
likely that cortis ynthesis also can take place 
in the huma drenal gland after complete 
pituitary destructio In a patient with breast 
cancer, treated by *’Y rod implant two and a half 
vears and ™Y crew implant four months 


previously and later found to have complete des- 
truction of the pituitary, significant amounts of 
cortisol (14-8 ..g 100 ml plasma) were found in a 
S imple of adre rUS blood collected during 


idrenalectomy No significant cortisol was 
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Fic. 5.-Post-mortem adrenal weights in 24 women 
with breast cancer treated by radioactive implantation 
of the pituitary. 


present in a sample of peripheral blood taken 
simultaneously (<5 mg/100 ml plasma). The 
steroid-hydroxylating capacity of the removed 
adrenal, which weighed only 2 g, was investigated 
in vitro; using 11-deoxycorticosterone as sub- 
strate it was found that a homogenate of the 
gland was capable of 116-hydroxylation and 
produced corticosterone to a limited but signifi- 
cant extent (29 »g/mg N/h). 


The excretion of adrenal hormones and their 
metabolites may also be influenced by the time 
since implantation of the pituitary, for the 
adrenal weight at post-mortem has a highly signifi- 
cant negative correlation with the logarithm of the 
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Fic. 6. Results of '™' I tests of thyroid function in 
patients with breast cancer after implantation of the 
pituitary with *Y The extent of destruction of the 
gland is also shown 
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time between pituitary implantation and death 
(Fig. 5). Thus atrophy of the adrenals after 
pituitary destruction is a slow process. Adrenal 
weights in patients with 90 to 99°% destruction of 
the pituitary were similar to those in patients in 
whom it was complete. 


Thyroid Function 

After ®°Y implantation of the pituitary clinical 
signs of myxcedema appear in three to six months 
and tests of thyroid function using I confirm 
low activity of the gland (Fig. 6) (Dr. James 
Crooks). Although the four-hour uptake may 
remain normal even when destruction of the gland 
is extensive, the forty-eight-hour uptakes and T 
index of urinary excretion are markedly de- 
pressed and most of the radioiodine is excreted 
within forty-eight hours. The T index in 
particular is related to the extent of destruction 
although it is still abnormally low when only 50°, 
of the gland is necrosed. Post-mortem thyroid 
weights were very variable and not related to the 
time since implantation of the pituitary. 


General Conclusions 

The results indicate that following implantation 
of the pituitary with ®Y using the fixed source 
or screw technique 95 to 100°, destruction of the 
gland can be consistently achieved. While it 
cannot be clearly defined to what degree function 
of the adrenal and thyroid glands persists after 
even a complete hypophysectomy, absent or low 
11-deoxy 17-ketosteroids in the urine, a fall in 
11-oxy 17-ketosteroids when cortisone is discon- 
tinued and a low T index of radioiodine excretion 
would at least suggest that the function of the 
gland was severely disturbed. 
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Dr. D. N. Baron (London): 


Investigation of Anterior Pituitary Function after 
Surgical Hypophysectomy 


The ideal method for studying the completeness 
of hypophysectomy is to examine the pituitary 
fossa after death and to correlate retrospectively 
the autopsy findings with the results of bio- 
chemical tests done during life. However, it is 
extremely difficult to correlate the histological 
appearances of the anterior pituitary with its 
physiological activity. Nor is it certain how 
much remaining tissue—itself difficult to assess 
is necessary for normal endocrine activity. We 
consider that a thin rim of persisting pituitary 
cells is compatible with functionally complete 
hypophysectomy. Activation of the vestigial 
pharyngeal pituitary has been said to occur after 
hypophysectomy, but this has not been sub- 
stantiated. In most of our cases the technique 
used (by Mr. E. J. Radley Smith) has been 
surgical removal of the gland through a right 
frontal approach followed by implantation of 15 
pee of unscreened radioactive gold seeds under 
direct vision (Baron ef al., 1958). 


Tests measure pituitary activity only at the 
time of testing and remnants of pituitary tissue, 
inactive in the immediate post-operative period, 
may become functional later. When tests give 
equivocal results they are best repeated after a 
three-month interval when either further atrophy 
will have occurred or activity returned towards 
normal. We have found that the best time to 
assess pituitary function initially is three to four 
weeks post-operatively (Baron and Gurling, 
1960). 


Of the anterior lobe hormones only F.S.H. and 
L.H. can be assayed; the validity of the methods 
claimed for prolactin has not been established. 
Urinary gonadotrophin assay has been performed 
on many of our patients by Dr. Ilan Somerville 
using the mouse uterine assay method following 
kaolin absorption (Loraine and Brown, 1956). 
This method is valid only if appreciable levels are 
present pre-operatively; in 8 of 38 women in- 
vestigated less than 6 mouse units/twenty-four 
hours were found pre-operatively. If the pre- 
operative value is above 24 units, the level three 
to four weeks after operation falls to undetectable 
amounts when pituitary function is absent. 
Persistent excretion above 24 units indicates 
continued pituitary activity. Although this 
biological assay is useful as a direct measure of 
pituitary function we do not consider it as in- 
formative as tests of thyroid or adrenal 
function. 


Changes in thyroid function provide the easiest 
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means of assessing the completeness of hypo- 
physectomy, and 'I studies have been found 
more informative than the B.M.R. or serum 
cholesterol level. Clinical myxcedema is ap- 
parent in 60°, of patients by the fourth post- 
operative week if thyroid replacement is not 
begun earlier. The B.M.R. steadily declines after 
operation, but diagnostic values may not be 
reached by four weeks: it is the decline and not 
the absolute value which is important in assessing 
thyroid deficiency. In only one-third of our 
patients was a level diagnostic of myxoedema 
found at the time of testing. Perhaps because 
the duration of thyroid deficiency was short, the 
serum cholesterol was normal in half our patients. 


We have found the plasma ''I activity forty- 
eight hours after a dose of 45-60 yc the most 
useful type of test and the conversion ratio the 
best single test (Goodwin er al., 1951). In more 
than 80°, of patients who were clinically con- 
sidered to be completely hypophysectomized 
these tests gave confirmatory results. A few 
patients have been found with autonomous 
functioning thyroid adenomas in the absence of 
any detectable pituitary function: in such cases 
diffuse activity is absent (Gurling ef al., 1959). 


Adrenal activity is estimated by measuring 
urinary or plasma corticosteroids after cortisone 
replacement therapy has been withdrawn for 
seventy-two hours. Although the values decline 
to very low levels in complete hypophysectomy no 
clinical symptoms more severe than anorexia and 
lethargy have been seen, and this cortisone with- 
drawal test is considered completely safe. The 
occurrence of more severe symptoms after another 
week provides additional clinical evidence of 
absent adrenocortical function. Plasma levels 
fall more rapidly than urinary excretion, and we 
have found that they usually give more clear-cut 
results. Occasionally detectable urinary corti- 
costeroids have been found when all other evi- 
dence has suggested complete hypophysectomy. 
This may correlate with the occasional persistence 
of plasma conjugated corticosteroids after 


cortisone withdrawal when free corticosteroids 
are absent. 


Free and conjugated corticosteroids 


Total number 
of subjects 


Condition of subjects 


Complete hypophysectomy 29 
Incomplete hypophysectomy 


Control 


Taste 1.—RANGE OF FREE AND CONJUGATED PLASMA CORTICOSTEROIDS AFTER CORTISONE WITHDRAWAL Test 


plasma corticosteroids at 72 hours 


Free 
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were measured independently in plasma samples 
(15 ml) by the Porter-Silber reaction (Baron et ai., 
1960). The plasma was always taken at 10 a.m., 
which is a few hours after the usual diurnal peak, 
but is convenient and gives reasonably high 
results. The normal range of plasma corti- 
costeroids was: free 8-20 yg/100 ml; conjugated 
5-17 yg/100 ml. The extinction point by our 
procedure was 3 ,g/100 ml. After cortisone 
withdrawal the free fraction is normal when there 
is other evidence of continuing pituitary function: 
in completely hypophysectomized patients the 
free fraction is below normal, and often absent. 
The control series was given a similar dose of 
cortisone (37-5-SO mg daily) for three to four 
weeks; the same cortisone withdrawal test was 
done and the free fraction was always normal at 
seventy-two hours (Table I). 


The plasma corticosteroids were studied by 
chromatography in certain patients. In those 
who were considered completely hypophysectom- 
ized no steroids could be seen in the seventy-two- 
hour specimen of the cortisone withdrawal test. 
Unfortunately no incompletely hypophysectom- 
ized cases were examined. We consider that our 
method is sensitive to about 1-5 jg of cortisol/ 
100 ml plasma. 


These tests of adrenal function are invalid for 
the assessment of hypophysectomy if the patient 
has impaired adrenal function pre-operatively due 
to metastases, or has been adrenalectomized. 


Our experience on the value of sex hormone 
estimations, which largely measure adrenal func- 
tion, has been confined to assay of androgen 
metabolites. Theoretically urinary pregnanediol 
excretion could be used as a reflection of proges- 
terone secretion by the adrenal cortex or corpora 
lutea, but I know of no extensive studies after 
hypophysectomy. Estimation of urinary cestro- 
gens is difficult, and a valid method for low con- 
centrations has only recently been developed. 
Accordingly some results reporting continued 
cestrogen secretion after apparent complete hypo- 
physectomy await confirmation. 


Urinary 17-oxosteroids represent principally 


“Number of subjects in each range of 
ug/ 100 mi 


Zero 
(<3) 


Norma! 


Conj Free Conj Free Conj 


| 
|_| Low 
(3-8) (3-5) (>8) (> S$) 
21 18 7 3 
0 0 0 2 5 3 : 
5 0 0 0 1 5 4 
? 
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adrenal androgen secretion but some adminis- 
tered cortisone is excreted as 17-oxosteroids. 
Total 17-oxosteroid analysis can be valid only 
in a cortisone withdrawal test. Though zero 
levels are not found if anterior pituitary function 
is present, the urinary excretion may decline 
slowly (as for corticosteroids) and the steroids be 
present after complete hypophysectomy. De- 
hydroepiandrosterone (DHA) is secreted solely 
by the adrenal 
ACTH. The absence of urinary DHA in com- 


pletely hypophysectomized cases, when on or off 


cortisone, and its continued presence in in- 
completely ablated cases, have been shown 
(Khattab, 1956; Holliday et 1958). Un- 
fortunately this method is only available as a 
difficult research procedure. Similarly estima- 
tions of total or differential plasma _ 17-oxo- 
steroids can only be undertaken in a special unit. 
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Lederle puts antibiotic therapy on a NEW high plane 


the 
EXTRA SECURITY 


of NEW 


LEDERLE LABORATORIES 
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LEDERMYCIN Demethylchlortetracycline is 
an “extra active” high-ratio antibiotic derived 
from a strain of Streptomyces aureofaciens (the 
organism from which Atreomycin tChlortetra- 
cyclincand Tetracycline originate ) 
but with properties which set it way above other 
tetracyclines. As well as exerting the unsur- 
passed broad-spectrum action of tetracycline, 
Lepermyctn Demethylichlortetracycline 


achieves far more intensive, far more prolonged 


activity, with far less antibiotic. Its markedly 
lower renal clearance rate, together with its 
higher stability, has the effect of prolonging its 
powerful antibacterial action for 24-48 hours 
after the drug is withdrawn. 

HIGHEST RATIO ot peak activity to daily intake of 
any known broad-spectrum antibiotic. 

HIGHEST RATIO Gt <ustained activity to dosage 
viving “extra day” activity protection 
against resurgence of primary infection or 
relapse with secondary invasion, after 
withdrawal. 

HIGHEST RATIO ot stability body media to 
dosage bringing an even higher standard of 


consistency to the therapy. 


| 


Packing and basic N.H.S. cost. In a 
distinctive duo-tone dry-filled capsule. 
Capsules of 150 mg. Bottles of 16, £1 9s. Od., 
100, £8 14s. 2d., and 1,000, £84 2s. 4d. 
Average adult dose : 1 capsule 4 times daily. 


Ledermycin 


TRapemane 


REGO TRADEMARK 


entirely new broad-spectrum 
antibiotic for prolonged 
activity at lower dosage 
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CALMIC LIMITED, Crewe, Cheshire, 


CREWE 3251/7 


London: 2 Mansfield Street, W.! 


ANALGESIC AND 
ANTIPYRETIC 


HYPON 


TABLETS 


*% an exceptionally well- 
balanced and quick-acting 
analgesic 

*% rapid disintegration (15- 
20 secs.) 

phenolphthalein content 
counteracts the constipating 
effect of codeine 

* caffeine offsets the depress- 
ing effects of codeine 


FORMULA: 
Acetylsal. Acid B.P. 200 mg. 
Phenacet. B.P. 250 mg. 
Caffeine B.P. 10 mg. 
Codeine Phosph. B.P. 5Smg. 
Phenolphthal. B.P. 5 mg. 
Each tablet 8 grains 
PRESENTATION: 


Tablets (coloured yellow) in 
packs of 10, 50, 125, 250 and 
dispensing packs of 300 and 600. 


TRADE PRICES: 


SOtablers- - - 3/6+P.T. 
W2Stablets- - -8-+ P.T. 
(Disp. pack) 16 11 
exempt P.T. 
600 ,, (Disp. pack) 31/6 
exempt P.T. 


LANgham 8038.9 
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SYMPOSIUM BY THE ROYAL AIR FORCE INSTITUTE OF AVIATION MEDICINE 


Flight Lieutenant J. D. Nelms, R.A.F.: 
Acclimatization to Cold in the Hand {Abstract} 
There is convincing evidence that animals 

acclimatize to continuing cold stress by metabolic 

response, both in the muscular and visceral 
systems. General acclimatization to cold in man 
continues to present a confusing picture and will 
not be reviewed in this presentation. However, 
there is good evidence for peripheral circulatory 
acclimatization in man, and recent work among 

Arctic Kutchin Indians at Old Crow, Yukon 

Territory, has added further facts. The tech- 

nique employed was the measurement by calori- 

metry of hand heat output when exposed to cold 
water, the subject being bodily warmed or cooled. 

The results show significantly higher heat outputs 

and, by inference, increased blood flow to the 

hands, in Indians than in control Whites. This 
result is more marked when body cooling Is super- 
imposed on hand cooling. Hand skin temper- 
ature measurements show, in response to ice 
water immersion, that the Indians have a signifi- 
cantly earlier, more emphatic cold vasodilatation 
reaction, which is in conformity with their ob- 
served ability to work in very cold water. The 
expedition was led by Dr. L. Irving, and the 

participants were: A. Bolstad, R. Elsner, J. 

Hildes, K. Lange Andersen, Y. Loyning, J. 

Nelms, L. Peyton and R. Whaley. 


Flight Lieutenant J. Billingham, R.A.F.: 
Practical Problems of Protection Against the Heat 


Introduction. Physiological defence mechan- 
isms against the heat enable healthy man to with- 


stand satisfactorily all naturally hot 
climates. Even in Death Valley, man will be safe 
provided he has plenty of water to drink. How- 
ever, there exist many situations to-day, particu- 
larly in the Armed Forces, where man is removed 
from his natural habitat and placed in some sort 
of container: the tank, the boiler room of a ship, 
ind the cockpit of a high-speed aircraft are 
examples. The temperatures in these artificial 
environments n rise to levels much higher than 
those ever experienced outside in the open, and 
man’s physiological defences, not planned for 
such contingencies, may be overwhelmed. It ts 
therefore of vital importance to know: (a) The 
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military situations in which high levels of heat 
stress may be expected, (+) in any one situation, 
the degree of protection required to reduce the 
heat stress to a safe level, (c) the way in which 
such protection is best achieved, (d) in the absence 
of protection, what is the danger to the man, and 
whether the dangers can be reduced to a negligible 
level by limiting the performance of the machine. 

I shall examine these factors with reference to 
one particular situation—that of the military 
aircraft travelling at very high speed. However, 
the results are applicable to any closed space in 
which the temperatures reached are similar to 
those in our experiments. 

The problem of aerodynamic heating.—When 
an aircraft travels at high speed, compression of 
the air and friction with the air cause surface 
heating of the aircraft skin. This effect is known 
as aerodynamic, or “kinetic” heating. It is seen 
in its most extreme form during the re-entry of a 
missile, whose surface may become incandescent, 
or of a meteorite, which may be completely burnt 
up by the intense heat. 

If an aircraft flies at a speed of Mach 2 at 
30,000 feet, its surface temperature will be in the 
order of 150 CC. If the cabin is allowed to rise to 
this temperature, the crew will clearly soon suffer 
from the effects of heat. 

The immediate solution to this problem is 
obvious and consists in conditioning the inside of 
the vehicle so that the levels of temperature, 
humidity and air movement are in the range of 
comfort. However, in a military aircraft the 
cooling plant responsible for maintaining the 
comfortable environment may fail, either because 
of enemy action or because of a technical defect. 
Failure of some component of the cabin cooling 
system is a problem which will occasionally face 
the civil airlines when supersonic aircraft be- 
come more common, but the civil airliner is able 
to slow down in the event of such a failure, thus 


removing the aerodynamic heat stress. The 
military aircraft may have to continue its mission 
in spite of the failure. Furthermore, in a 


military aircraft the weight and volume of cabin 
cooling equipment required to maintain comfort- 
able conditions may be prohibitive, and the cabin 
may be deliberately designed to be a hot cabin. 
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ting air required to pro- 
duce a micro- 
climate temperature of 
32°5° C. (Fig. 1). 

The graph shows that 
the points lie close to 
the four isoenthalpic 
curves as defined by the 
formule in Fig. 1. 

A detailed discussion 
tome of experimental pro- 
Ke 1 cedure and of the signifi- 
cance of the results has 
163 been published elsewhere 
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Fic. 1.-A.V.S. temperature-flow requirements to maintain mean microclimate 
temperature of subjectiat 32-5” C. for four different cabin wall temperatures. 


The crew of a supersonic military aircraft may 
therefore require personal protection against the 
heat. We have recently carried out experiments 
to find out the degree of protection required in 
very hot cockpits for a man wearing an air 
ventilated suit. 


Personal protection with the air ventilated 
suit. —The R.A.F. Air Ventilated Suit (Billingham 


and Phizackerley, 1957) consists of a network of 
pipes attached to a nylon garment. The suit is 
worn beneath the clothing and delivers cool dry 
air to the man’s skin when he is in a hot environ- 
ment. If the man is in a cold environment, he 
can be maintained in thermal equilibrium by a 
supply of hot air to his air ventilated suit. This 
paper considers the use of the suit only as a 
cooling garment. 

To test the efficacy of the air ventilated suit 
under very hot conditions, we have used a 
portion of an aircraft, containing the pilot's 
cabin, which can be heated up to the temperature 
which corresponds to the speed and altitude we 
are simulating. 

The subject is protected from the hot aircraft 
skin by: (a) The insulation of the cabin wall, 
(b) the insulation of the cabin air, (c) the insula- 
tion of his clothing, (d) convective cooling at skin 
level by the ventilated suit. 

For a given aircraft skin temperature, and for 
constant values of (a), (b) and (c), there will be a 
number of possible combinations of ventilating 
air flow and temperature which will maintain the 
man at a comfort level. We have investigated 
these curves by using a suit of knitted insulated 
resistance wire (Wolff, 1958) beneath the air 
ventilated suit. This wire garment measures 
mean microclimate temperature. The results in 
the graph are flows and temperatures of ventila- 


(Billingham and Hughes, 
1959). Suffice it to say 
that with an aircrew 
clothing assembly that is 
almost conventional, it is 
possible to protect a man 
against the ill effects of extreme heat. 


The consequences of not protecting against the 
heat.—Overheating of the body can be local or 
general. Local overheating causes pain and skin 
burns. General overheating is manifest as a 
rising deep body temperature, with increasingly 
poor performance at mental tasks, and ultimate 
collapse from acute heat syncope. Whether local 
or general overheating predominates will depend 
on a number of factors, principally the environ- 
mental temperature and the time of exposure. 
These factors will also determine the amount of 
local or general heating the man can stand with- 
out becoming dangerously inefficient at his task. 

Conclusions.—To date, we have achieved 
protection for man in hot cabins with wall 
temperatures up to 125° C, and with the aircraft 
skin at temperatures up to 183°C. With careful 
design of aircrew clothing with built-in cooling 
devices, there is no reason in the future why we 
should not be able to protect against much 
higher temperatures. 
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Flight Lieutenant J. C. Guignard, R.A.F.: 
Physiological Effects of Mechanical Vibration 
Authorities in both military and civil aviation 

are concerned that buffeting and vibration in 

future high-speed aeroplanes may prejudice air- 
crew performance and passenger comfort. 

Investigations of the physiological actions of 

vibration in the low sonic and infrasonic fre- 
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quency ranges have therefore been reopened at 
Farnborough. 

Definition of vibration.—Vibration commonly 
means a sustained, structure-borne disturbance, 
of roughly constant amplitude and frequency, 
which applies a translatory movement to the 
body and is perceived by the senses other than 
hearing. Repetition of motion is_ usually 
assumed to be characteristic, and many real 
conditions of vibration approximate to simple 
harmonic motion. However, quasi-random 
oscillations and isolated jolts are special cases of 
vibration which are of great practical importance. 
Crede’s (1957) definition of vibration as a series 
of reversals of velocity, while not embracing all 
conceivable modes, is a useful concept for the 
physiologist. Velocity means displacement in 
finite time: reversal of velocity implies accelera- 
tion. Displacement and its derivatives, and 
frequency, are basic to vibration measurement. 

The dynamic response of the body to vibration. 
Several workers have studied the dynamic 
response of men to whole-body sinusoidal vibra- 
tion. Resonance in the human body was first 
described some thirty years ago and has since 
been measured by transmissibility and mechanical 
impedance methods. Resonance is the condition 
in which a forcing vibration is applied at such a 
frequency that it excites part of the body to 
measurable, or subjectively noticeable, move- 
ment of greater amplitude than related struc- 
tures. Resonance of the seated body at about 
5 cycles per second (c/s) has been widely reported. 
Recent work suggests that this response is 
dominated by the pectoral girdle (Latham, 1957). 
A second resonance between 6 and 10 c/s was 
attributed by German workers to the abdominal 
viscera, the liver being the predominant mass 
(Loeckle, 1950). At higher frequencies, smaller 
and stiffer parts of the body are excited to resonate. 

Physiological reactions to vibration—lIt has 
been recorded that severe vibration induces the 
vegetative manifestations of alarm, increases 
oxygen consumption, and can disturb equili- 
brium and orientation in space (Edwards, 1950; 
Loeckle, 1950). Cérmann (1940) has described 
an apparent inhibition of the patellar reflex 
during whole-body vibration at low sonic fre- 
quencies. Other work on this phenomenon has 
been reviewed and further observations reported 
elsewhere (Guignard and Travers, 1959). 
Cérmann also found that blurring of vision by 
vibration depended on frequency and that the 
effect was worst in the bands 25-40 and 60-90 c/s. 
This may be due to resonance of the eyes and 
facial tissues. A significant loss of visual acuity 
during whole-body vibration at infrasonic fre- 
quencies has been reported by Mozell and White 
(1958). In addition, it seems self-evident that 
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heavy jolts and vibration interfere physically 
with precise muscular action. However, the 
frequency-dependence of these effects is not clear 
and the degradation of human performance by 
rough motion has not yet been correlated con- 
vincingly with body resonance phenomena. It 
is thought that physical resonance might cause 
particular incapacity or discomfort, due to parts 
of the body amplifying accelerations applied at 
critical frequencies. Recent studies of subjective 
sensation during whole-body vibration indirectly 
support this idea, in that thresholds of dis- 
comfort (in terms of applied acceleration) were 
lowest around 5 to 10 c/s (Goldman, 1957; 
Loach, 1958). 

Postural effort is said to increase after bumpy 
journeys and body-sway has been used as an 
index of vehicle riding-quality (Moss, 1929). 
More recently, people exposed to intense air- 
borne vibration from jet and rocket engines 
have complained of giddiness, irritability, mental 
weariness and inability to concentrate, as well as 
a variety of bizarre symptoms ranging from 
feelings of unreality to delusions of infertility. 
Disturbances of equilibrium are most probably 
caused by sound at the lower end of the frequency 
spectrum, where the coefficient of absorption of 
vibratory energy through the body surface 
becomes large (von Gierke, 1950) and vestibular 
sensitivity significant. In addition, components 
below about 1,500 c/s can produce blurred 
vision and unpleasant somatic sensations, due to 
resonance of cranial bones and body cavities 
(Edwards, 1950; Broadbent, 1957). 

A discussion of motion sickness is outside the 
scope of this review, although it is of interest that 
labyrinthine sensitivity to very low frequency 
translatory oscillation is a function of frequency 
as well as acceleration. The incidence of sickness 
during vertical swinging at a given acceleration is 
highest at swing frequencies around 0-3 c/s 
(Alexander ef a/., 1947; Glaser and McCance, 
1959). 

Harmful effects of vibration.—Frequency- 
dependent trauma caused by hand-held indus- 
trial machine tools is well documented (Dart, 
1946; Jepson, 1954), but it is not relevant to 
aircraft vibration conditions. 

During World War II reports appeared of 
injury due to severe whole-body shaking in 
rough-riding military vehicles and fast patrol 
boats (Goldman, 1957). Drivers and crews 
complained of abdominal pain, “back-strain’’, 
and sometimes of incapacitating fatigue and 
dizziness persisting after the ride. No precise 
clinical investigations of these symptoms seem 
to have been made, although the problem has 
been loosely reviewed by Clayberg (1949) and 
by Fishbein and Salter (1950). 
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In recent years, practical interest has arisen in their limitations of amplitude, freedom and 
the dynamic response of the body to impulsive frequency-response, reproduce selected flight 


forces. Seat-ejection, crash impacts, solid blast 
and other severe accelerations of short duration 
can be treated as special cases of transient 
vibration in which physical tolerance depends 
largely upon the frequency-response of body 
structures. In seat-ejection, for example, Latham 
(1957) has shown that, if the peak force of 
ejection is built up in much less than the pre- 
dominant natural period of the excited system, 
dangerous amplification of acceleration can 
occur within it. 


CURRENT RESEARCH 

Although the vibration-frequency spectrum is 
of infinite extent, the area that matters in aviation 
can be limited to a fairly narrow band. The 
principal sources of vibration in aircraft are 
summarised briefly in Table I. 

PRINCIPAL SOURCES OF VIBRATION IN AIRCRAFT 
Source Main frequency tepresentation 


(a) Engines: 
Piston engines and pro- 
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pellors; rotors 10-— 1,000 c's. 
Jets 100- 10,000 ¢ 5. 
Rockets . 10-10,000 cis 


Theoretically white.’ 
at sonic frequencies. 
Theoretically white. 
Important mainly below | c/s. 


(b) Aerodynamic (boundary Significant 
laver) noise 

(c) Meteorological turbulence 
(gusts) ° 

(d) Airframe 
Structural responses 
Whole - aircraft oscilla- 
tions (e.g. excited by 
turbulence or dictated 
by automatic flight con- 
trol systems) 


Major modes 1-10 c/s. 


0-1-> 1 c/s. 


“White” noise, by analogy with white light, contains vibrations 
of all frequencies. Ideally, it has a continuous and “‘flat’’ power 
spectrum in which components of all frequencies are equally 
represented. In practice the term is often used to describe wide- 
band noise in which no particular frequency component 
predominates 


In the situations now important (i.e. the 
rough-air behaviour of high-speed jet aero- 
planes) we are most concerned with frequencies 
below about 20 c/s. Accelerations in turbulent 
flight resemble random mechanical noise with 
superimposed quasi steady-state vibrations at 
low frequencies, due to airframe structural 
response. The infrasonic zone is one in which 
both human body resonance and major aircraft 
fuselage modes are excited, amplitudes are large, 
and vibration isolation is very difficult. Mechan- 
ical vibrations at higher frequencies can produce 
neurophysiological and visual disturbances but 
are well attenuated by the body itself and by 
simple protective measures. The region below 
| cs Is a special province in which differential 
oscillatory movement is not excited in the bods 
by moderate loads, and degradation of per- 
formance is essentially a function of acceleration. 

Quick answers to practical problems are 
sometimes sought by ad hoc experimentation in 
the air or on “gust-simulators” which, within 


acceleration patterns (Roman er al., 1959). It 
remains necessary, however, to determine the 
frequency-dependence of physiological reactions 
to vibration—since therein lies the key to pro- 
tection. To do this, simple harmonic motion is 
the stimulus of choice. The use of sinusoidal 
vibration has the advantages that specific para- 
meters of vibration can be chosen for investiga- 
tion and the stimulus can conveniently be 
measured, repeated, modulated and defined in 
simple numerical terms. Some recent experi- 
ments are described below. 

Body resonance.—The dynamic response of 
seated men to vertical sinusoidal vibration has 
been examined under controlled conditions at 
frequencies from 2 to 60 c/s. 

Methods: \n_ preliminary work (Guignard, 
1959), the mean transmissibility of vibration 
from the seat to the hip and to the shoulder was 
determined for frequencies between 7 and 60 c/s, 
using seven men. The subjects were seated “at 
attention” on a hard seat driven vertically by an 
electrodynamic vibration generator. A simple 
sighting device was used to standardise their 
posture. The acceleration-amplitude during 
steady-state vibration was recorded by variable- 
inductance accelerometers attached to the seat- 
frame, the hip at the iliac crest, and the acromion. 
Above 16 c/s, vibration was applied at an 
acceleration of 0-8 g. Below that frequency, 
the performance of the generator deteriorated 
and lower values were used (Figs. | and 2). 

Transmissibility was defined as the ratio of the 
acceleration-amplitude recorded on the body to 
that of the forcing (seat) vibration. (When trans- 
missibility is plotted against frequency, resonance 
is shown by local maxima.) 

The frequency limitations of the electrodynamic 
generator precluded measurements below 7 c’s. 
A mechanical rig is now in use to extend observa- 
tions down to 2 c/s. In a second experiment 
(Guignard and Irving, unpublished), the response 
of ten men has been explored over the frequency 
band 2:0 to 13-5 c/s. which was sampled in 
quarter-octave steps. The experimental condi- 
tions were similar to those of Experiment 1, 
except that a forcing vibrational acceleration of 
+- 0-25 g was used at all frequencies. Recordings 
were made from hip, shoulder and head, but the 
analysis of results from the head ts incomplete. 

Results: The principal results of these experi- 
ments have been combined and illustrated in 
Figs. 1 and 2. The mean transmissibility, for 
each frequency used, is plotted with an indica- 
tion of the standard deviation. The results for 
the shoulder (Fig. 1) show that there is a peak in 
transmissibility in the region of 4-8 c/s, at which 
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frequency the forcing vibration is amplified nearly 
three times. Above 7 c/s, seat-to-shoulder trans- 
missibility falls below unity and declines in a 
characteristic way at higher frequencies. High- 


The resonance at 4:8 c/s is reflected in the hip 
records (Fig. 2), which also show that amplifica- 
tion of vibration in this region persists over a 
hizher frequency range. It is tempting to 
speed cinematography showed that the response suggest that this picture reveals the second body 
of the shoulders is primarily a shrugging action, resonance, previously reported, between 6 and 
with articulation at the sternoclavicular joints, 10 c/s. However, this resonance is not sharply 
accompanied by extension and flexion of the tuned and more precise measurements are 
dorsal spine. It has also been observed (and needed to define it anatomically. 


confirmed by determinations of transmissibility) 
that this mode is largely suppressed, and the 
body resonant frequency effectively raised, by 
performing the clinical reinforcement manceuvre. 


Comparison of Figs. 1 and 2 shows that, at 
frequencies from 10 to 60 c/s, there is attenuation 
of vibration between hip and shoulder. Both 
curves reveal an inconspicuous local maximum 
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of transmissibility around 2-4 c/s, the significance 
of which is not yet clear. 


Disturbances of posture.—During whole-body 
vibration at low sonic frequencies, a few subjects 
reported mild disturbances of equilibrium and 
some of them apparently found it more difficult 
than normal to maintain a steady posture. 
Mild vertigo has also been felt after local vibra- 
tion of the head at frequencies between 10 and 
100 c/s and accelerations of the order of 0-5 g. 
These observations, together with those of 
Cormann and others mentioned earlier, led to 
examination of the electromyographic responses 
of postural muscles to low-frequency vibration. 
Qualitative observations have been made in man, 
using the R.A.F. Type 3 clinical electromyo- 
graph and concentric needle electrodes (Guignard 
and Travers, 1959). Sinusoidal vibration was 
applied to the whole body and to selected parts 
at frequencies from 2 to 10 c/s and a fixed half- 
wave amplitude of 0-33cm. We found that: 
(1) Vibration of the seated body or a single limb 
elicited a synchronous stretch reflex from resting 
postural muscle (quadriceps) in that limb. 
(2) The amount of myotatic activity varied with 
the intensity of vibration and could be much 
reduced during whole-body vibration by restrain- 
ing differential movement of the limb. (3) Dimi- 
nution of the patellar reflex (elicited by tapping) 
was not observed during or after vibration up to 
10 c/s. This supports Goldman’s (1948) findings 
in the cat that, although suppression was demon- 
strable during vibration of the preparation above 
30 c/s, it was less evident below that frequency 
and that, at progressively lower frequencies down 
to 10 c/s, an increasing proportion of tendon taps 
became effective in eliciting the reflex. It was 
concluded that “inhibition” of reflexes by 
vibration is apparent in that, when the stimulus is 
of sufficient frequency and amplitude, the muscle 
becomes, in effect, tetanic. Tendon-tapping then 
fails to provoke a distinct response. (4) Intense 
vibration of the upper body and head, with the 
legs fixed, had a facilitatory effect upon postural 
activity (soleus), persisting after vibration had 
ceased. It was tentatively concluded that this 
was due to labyrinthine stimulation. 


APPLICATIONS 
Applied research is aimed at defining the 
frequencies at which body resonance occurs, as 
well as the variability of individual dynamic 
response. Measured transmissibility may vary 


with such intrinsic factors as body size, build 
and posture, and with extrinsic factors including 
the force of vibration, its direction and site of 
application to the body, and its harmonic con- 
External loading by stiff or heavy clothing 


tent. 
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and equipment may also influence body reson- 
ance. 

If it is possible to correlate resonance effects 
with deterioration in performance, and to define 
physiologically critical frequency bands, practical 
advice can be given on vibration isolation for 
aircrew. Possible means of protection include: 
(1) Attention to the basic design of new aero- 
planes to avoid or suppress critical modes of 
structural response. (2) Topical vibration 
isolation (e.g. the sprung seat). (3) Anatomical 
design of seats and harnesses to constrain 
resonant oscillations within the body. 
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Squadron Leader J. Ernsting, R.A.F.: 
Some Effects of Oxygen-breathing on Man 
Over the past four years infrequent reports of 
coughing, chest discomfort and difficulty in 
breathing occurring after flight have been made 
by pilots of R.A.F. fighter aircraft. This 
presentation is concerned with the results of 


. 


surveys made in the last two years by medical 
officers in various Commands and with the 
etiology of this condition, since it demonstrates 
how fundamental research is sometimes required 
to elucidate problems arising in the field. 

Although there is some variation in the clinical 
picture the symptoms experienced by the aircrew 
are generally very similar. Typically, on releasing 
the safety and parachute harnesses and standing 
up in the cockpit the aircrew member has an 
attack of coughing and quite frequently difficulty 
in breathing, which is generally described as 
breathlessness. Less often there is also chest 
pain which is generally deep and ill-localized 
and which is not accentuated by deep breathing. 
In 107 subjects questioned coughing alone occur- 
red in 38°,, coughing and difficulty in breathing 
in 25°, difficulty in breathing alone in 20°,, 
and chest pain with cough and difficulty in 
breathing in 17°,. The cough, which is usually 
non-productive, is frequently started by the 
action of standing erect. It may last a few 
moments or repeated attacks may occur for ten 
to fifteen minutes after flight. The subject may 
actually be incapacitated by the fit of coughing. 
A single individual rarely has these symptoms 
after every flight but in many instances symptoms 
occur after the majority of flights. 

Clinical examination has not revealed any 
gross physical signs in the chest. Moist sounds 
over the bases of the lungs have been reported on 
a number of occasions. 

In 1958 28 fighter aircrew took part in an 
investigation in which chest radiographs were 
taken before and after a number of sorties. 
A total of 42 flights were made. On 19 occasions 
patchy areas of increased density in the lower 
lung fields were present immediately after 
landing. These radiological appearances are 
consistent with either scattered lobular collapse 
or areas of cedema or infarction. Several subjects 
with abnormal post-flight chest radiographs were 
re-examined radiologically eighteen to twenty-four 
hours after completion of the flight; in most of 
these the abnormal! radiological signs had cleared. 
Whilst it was very uncommon for symptoms to 
occur in the absence of radiological changes, in 
9 instances typical radiological changes were 
discovered when the aircrew had no symptoms. 

In general this syndrome appears to be peculiar 
to the crews of fighter aircraft. Whilst nearly 
80°, of the pilots of Hunter aircraft experienced 
these symptoms, virtually no Canberra crews 
had any symptoms. Between these two extremes 
were the crews flying Javelins and Swifts of whom 
between 20°, and 44% had post-flight symptoms. 
Aircrew flying Meteors very seldom suffer from 
post-flight respiratory disturbances. 

There are three principal differences between 
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these various aircraft types of interest in the 
present context: (1) The magnitude and duration 
of applied positive acceleration. (2) The 
presence or absence of anti-gravity suit installa- 
tion. (3) The type of oxygen system. 

(1) Pilots of Hunter aircraft during normal 
sorties are repeatedly subjected to relatively high 
positive accelerations, of the order of 4 to 5 g, 
whilst aircrew of Canberras are exposed to 
relatively low positive accelerations, e.g. 2:5 to 
3g, only rarely. The Javelin comes mid-way 
between these two extremes in that in its opera- 
tional role high positive accelerations are applied 
very infrequently. In Meteor aircraft, however, 
moderate g levels of the order of 3g are fre- 
quently applied to the aircrew. 

(2) Certain fighter aircraft are fitted with anti- 
gravity suit installations so that when positive 
accelerations are applied to the man bladders 
fitted round his lower limbs and abdomen are 
inflated to reduce the circulatory changes asso- 
ciated with positive acceleration. The abdominal 
bladder of an ill-fitted anti-gravity suit, which is 
a frequent occurrence, will also apply pressure to 
the lower part of the thoracic cage. Anti- 
gravity suits are used by the majority of Hunter 
pilots and by a fair proportion of Javelin aircrew. 
Neither Meteors nor Canberras have anti- 
gravity suit installations. 

(3) R.A.F. oxygen systems are designed to 
deliver a mixture of oxygen and nitrogen, the 
composition of which is varied automatically 
with altitude so that an approximately normal 
alveolar oxygen tension is maintained at all 
altitudes up to 33,000 feet. This is achieved by 
mixing varying proportions of air and oxygen 
(“airmix”). The Meteor possesses an oxygen 
system which has a_ satisfactory “airmix”™ 
mechanism. All the other aircraft mentioned 
above are fitted with an oxygen system capable 
of providing mixtures of air and oxygen but for 
technical reasons this type of system was used 
operationally to provide 100°, oxygen at all 
altitudes, by the aircrew concerned. 

Thus in Hunter aircraft, where post-flight 
respiratory disturbances are common, the air- 
crew are subjected to high positive accelerations 
and breathe 100° oxygen. In Canberra air- 
craft on the other hand, where this syndrome is 
virtually unknown, the aircrew breathe 100°, 
oxygen but are not subjecied to high positive 
accelerations during flight. Further, in Meteor 
aircraft, where the incidence of these symptoms 
is very low, the aircrew are exposed to moderate 
degrees of acceleration but breathe a mixture of 
air and oxygen. Thus it would appear that the 
incidence of this syndrome is high where the air- 
crew are exposed to high positive accelerations 
and breathe 100°% oxygen. 
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This conclusion was confirmed by a series of 
controlled experiments conducted in Fighter 
Command in 1958 in which a number of pilots 
each flew two sorties. On each occasion the 
pattern of positive acceleration experienced was 
the same. On one of these sorties 100°, oxygen 
was breathed throughout and on the other the 
mixture of air and oxygen provided by the 
regulator was breathed. It was found that, 
particularly at low altitude, the incidence of post- 
flight respiratory symptoms was influenced by 
the gas mixture breathed during the flight. 

There is no clear-cut picture as to the influence 
of the anti-gravity suit in the air upon the 
incidence of this post-flight respiratory disorder. 

Two principal hypotheses have been advanced 
to explain this syndrome of post-flight respiratory 
disturbances and the concomitant changes in the 
radiological appearances of the lungs. The 
change which occurs in the lungs in this condition 
could be either basal segmental collapse or 
pulmonary oedema or infarction. 

Segmental collapse could be produced by the 
following mechanism: During the application of 
positive acceleration in flight collapse of some 
basal intermediate-sized airways occurs. This 
may be caused either by the effects of the 
acceleration per se which produces descent of 
the diaphragm and elongation of the lower parts 
of the lower lobes or by the compression of the 
lower part of the chest by the inflation of the 
anti-gravity suit. Directly obstruction of these 
airways has occurred absorption of gas with a 
consequent reduction in the volume of the closed 
spaces so formed will take place. Dale and Rahn 
(1952) have demonstrated that if the gas breathed 
prior to the onset of obstruction is oxygen then 
the rate at which absorption of the trapped gas 
occurs is some 63 times as fast as when air has 
been breathed. When oxygen is breathed the 
rate of absorption is so great (2-9 ml/min/kg 
body weight) that it is conceivable that complete 
lobular collapse can occur during the period that 
positive acceleration is applied. 

Segmental collapse of the degree found here is 
not generally associated with symptoms. It is 
suggested that the symptoms of coughing, diffi- 
culty in breathing and chest pain are ‘associated 
with re-aeration of the collapsed regions of the 
lungs. The stimulus to re-aeration of the 
collapsed regions in this syndrome is presumably 
the assumption of the erect posture on leaving 
the seat of the aircraft. Carro (1959) and 
Mcllroy (1959) have recently studied the effects 
upon the mechanics of respiration of firmly 
strapping the lower part of the thoracic cage. 
It is of interest in this connexion that on release 
of the strapping their experimental subjects 
experience coughing and chest discomfort. 


The second hypothesis suggests that as a result 
of a high alveolar oxygen tension the alveolar 
capillary membrane is damaged and that it 
becomes more permeable to plasma proteins. 
The increase in pulmonary capillary pressure in 
the lower parts of the lungs which occurs when 
Positive accelerations are applied will then lead 
to pulmonary ceedema and perhaps infarction. 
The relatively slow re-aeration of the lungs which 
has been suggested by some of the radiological 
studies would be better explained by this hypo- 
thesis. There is recent experimental evidence 
that breathing 100°, oxygen at sea level for three 
hours produces changes in the pulmonary 
alveolar capillary membrane. 

The effect of a high alveolar oxygen tension 
upon the alveolar capillary membrane has been 
studied by determining its effect upon the diffus- 
ing capacity of the lungs. This has been meas- 
ured for carbon monoxide by the Forster modifi- 
cation (Ogilvie ef a/., 1957) of the original Krogh 
technique. Breathing 100°, oxygen for three 
hours reduces the apparent diffusing capacity for 
carbon monoxide by approximately 25°,. The 
apparent diffusing capacity was measured at 
various alveolar oxygen tensions so that the 
analytical technique of Roughton and Forster 
(1957) could be applied. The results of such an 
analysis show that the principal cause for the 
reduction in the apparent diffusing capacity 
found in these experiments is an_ increased 
resistance to diffusion across the alveolar capil- 
lary membrane. The results suggest therefore 
that high alveolar oxygen tensions cause damage 
to the alveolar capillary membrane at a much 
earlier stage than had been previously believed. 
These experiments tend to support the second 
hypothesis as to the cause of this syndrome. 

There still remain many aspects of this problem 
which must be investigated before it can be 
decided which, if either, of these two hypotheses 
is correct. There is no doubt, however, from the 
controlled experiments carried out in 1958 that 
the symptoms can be greatly alleviated by using 
the “airmix”’ mechanism of the oxygen regulators 
in fighter aircraft. 
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Squadron Leader P. Howard, R.A.F.: 
Unconsciousness on the Human Centrifuge 

The symptoms which result from exposure to 
centrifugal acceleration are, in the order of their 
appearance, a veiling or misting of vision, known 
as grey-out; complete loss of vision, or black-out; 
and unconsciousness. It was to investigate these 
symptoms, and to assess methods of protection 
against them, that the first human centrifuges 
were constructed. Most workers are agreed that 
the repeated production of unconsciousness in 
any subject is undesirable, and because most of 
the desired data can be obtained without going 
to such lengths, there has been a tendency to 
restrict the acceleration to a level which will only 
give rise to black-out. Recently it has been felt 
that even a stress of this degree may be unjustified 
in many instances, and attention has been given 
to the development of methods of measuring a 
visual threshold at lower values of g. However. 
incidents of unconsciousness still sometimes 
occur accidentally, and a series of experiments 
in which unconsciousness was deliberately 
chosen as the end-point was carried out last year 
on the human centrifuge at Farnborough. 


MATERIAL AND METHODS 


The subjects were seven naval divers who had 
no previous experience of riding on the centri- 
fuge. Each was given two rides; one breathing 
air, and the other breathing 100°, oxygen, until 
consciousness was lost. The pattern of the 
acceleration such that the g_ increased 
linearly with time, at a rate of 0-1 g per second to 
a maximum of 8 g. This type of run was chosen 
because it had previously been shown that cardio- 
vascular compensation kept pace with the in- 
creasing acceleration. A_ bright red_ light, 
mounted at eye level and in the line of sight, was 
used as a fixation light, and the subject was given 
a signal button to indicate black-out. He was 
told that once loss of vision had occurred he was 
to keep the button pressed until it returned once 
more. The onset of unconsciousness was thus 
unknowingly recorded by the subject as his 
finger slipped from the marker button. The 
centrifuge was brought rapidly to rest as soon as 
this signal had been recorded. The figure of 8 g 
was chosen as being well above the tolerance of 
any of the usual and experienced centrifuge sub- 
jects, and it was thought that none of the divers 
would reach this maximum value. In fact, half 
the subjects did reach it, and continued at 8 g for 
some seconds before they finally lost conscious- 
ness, and all but one reached 7 g on at least one 
of the runs. The record was 48 seconds at 8 g. 

In addition to the accelerometer and the 
signal, ECGs and EEGs were recorded, together 
with respiratory rate, gas flow rate, and in some 
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cases eye movements. In half the subjects blood 
pressure was also measured by means of an 
intra-arterial needle, and in one of these the 
artery and the manometer were supported at eye 
level. From the arterial pressure, measurements 
of the vascular resistance could be made by the 
method of Hayter and Sharpey-Schafer (1958). 


RESULTS 

There was no statistically significant difference 
in the threshold either for black-out or for un- 
consciousness between the runs in which air was 
breathed and those breathing oxygen. 

Four subjects showed a slight fall in threshold 
on oxygen as compared with air, two showed a 
slight rise and one showed no. difference. 
Similarly, there was no consistent difference 
between the effect of the two gases on any of the 
other parameters measured. Clearly, a much 
larger number of subjects would be needed before 
definite conclusions could be drawn on this point. 

The early physiological response of all the 
subjects was the same, and was similar to that 
seen in the more usual type of centrifuge run. 
The major difference between the group of 
divers and other subjects was in the pulse-rate. 
Browne (1959) showed that with slow rates of 
application of g the pulse-rate is a linear function 
of the applied acceleration, but in the present 
series this was not so. The pulse-rate increased 
rapidly at first, and was almost double the resting 
value at 3 vg. Thereafter it climbed more slowly 
to a mean value of 168 at 8g. This result can 
almost certainly be explained by the apprehen- 
sion which the centrifuge always produces in 
inexperienced subjects. 

Respiration becomes more difficult during 
acceleration, and this is reflected in the decreased 
gas flow recorded, notably at levels above 6g. 
As the subjects approached unconsciousness 
there was a period of apnoea in almost every case, 
usually lasting for about 10 seconds. On 
deceleration this was followed by large gasping 
breaths, with high peak flows and large pressure 
differentials in the mask. 

No unusual changes occurred in the EEG up 
to the moment of unconsciousness, but slow 
delta waves of large amplitude (2-3 c/s and 100 
microvolts) usually appeared immediately after 
consciousness had been lost. The picture was 
confused by the fact that at this time the centri- 
fuge was being decelerated, and it would be 
interesting to know whether, had the run been 
continued, extinction of the waveform would 
have followed, as has been reported in animal 
experiments. During the recovery phase, often 
after the machine had been brought to rest, con- 
vulsions occurred. This is a characteristic of 
nearly all episodes of unconsciousness on the 
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centrifuge. The fits vary in intensity from a 
spasmodic twitching of the fingers and arm to a 
major convulsion involving the whole body. 
One subject, who has been made unconscious on 
the centrifuge many times, says that he is always 
roused by the sound of his feet drumming on the 
metal floor of the gondola. The convulsions 
have been attributed to the acute cerebral anoxia 
resulting from the cessation of blood supply to 
the brain, and they have been compared to the 
fits seen if the carotid arteries are occluded. 
The fact that they do not occur at the height of 
unconsciousness, but only during the phase of 
recovery, suggests that it is the return of oxygen- 
ated blood to an anoxic brain which triggers off 
the convulsion. In this they are analogous to 
the so-called oxygen paradox, in which the 
administration of oxygen to a subject made 
anoxic in a decompression chamber will often 
lead to a deterioration in condition, and some- 
times to convulsions. 

The blood pressure records taken at heart 
level showed a slight rise in all cases. The arterial 
pressure at eye level fell progressively, to reach 
a systolic value of about 20 mm Hg when black- 
out occurred. It continued to fall, and reached 
zero about six seconds before consciousness was 
lost. There is thus a very sound physiological 
reason for the onset of unconsciousness. One 
case in which the pressure was measured at 
eye level also showed the only cardiac irregu- 
larity of the series: some three seconds after the 
systolic pressure had fallen to zero, and a similar 
time before the loss of consciousness, he had an 
isolated ventricular extrasystole. | American 
workers have claimed that a considerable propor- 
tion of normal subjects show such irregularities 
on the centrifuge, but this is only the second 
occasion on which we have seen ectopic beats. 
Coincident with the loss of consciousness this 
one subject showed a persistent pulsus bigeminus, 
with bradycardia, and this continued for about 
two minutes after the centrifuge had been 
stopped. The coupling was followed by a period 
of nodal rhythm, with absent P-waves, for ten or 
fifteen minutes, and the pulse finally reverted to 
a normal sinus rhythm. The subject complained 
of weakness, palpitation and dizziness, with 
nausea, and he was observed to be pale and 
sweating profusely. The blood pressure remained 
low, and had not reached normal levels by the 
time the needle was withdrawn at the end of the 
run. No measurements of the vascular resistance 
could be made in this experiment, but there 
seems to be no doubt that he suffered from 
vasovagal syncope. 


Proceedings of the Royal Society of Medicine 


10 


In all cases the peripheral resistance rose 
sharply and progressively during the period of 
acceleration, and in two runs it was so intense 
that it could not be measured, by the method 
used, at accelerations greater than 6g. Decelera- 
tion was accompanied by a mild vasodilatation. 
In two instances, however, the vascular resistance 
had already begun to fall steeply before the 
centrifuge was decelerated, and the blood 
pressure was also declining at this time. It 
seems likely that these subjects were also in the 
process of collapsing from a vasovagal attack, 
and it is of interest that they were the two who 
had remained for the longest time at 8 g before 
losing consciousness. There is every reason why 
vasovagal syncope should occur under these 
conditions, for the circulating blood volume is 
reduced by pooling in the abdominal viscera and 
legs. Garrow (1958) has shown that there is a 
shift of blood amounting to 200 ml towards the 
legs below the knee when a recumbent man is 
exposed to 2g. He has also convincingly 
demonstrated his ability to faint after two 
minutes at 2-4g. The slow onset run used in 
the experiments with the divers, and the fact that 
some of them were subjected to 8 g for a relatively 
long period of time, would give ample oppor- 
tunity for a vasovagal type of syncope to develop. 

There would thus appear to be two types of 
unconsciousness occurring on the human centri- 
fuge. The first results from an acute cerebral 
anoxia, caused by the failure of the blood 
pressure at brain level. It is similar in many 
respects to the unconsciousness produced by 
sudden bilateral occlusion of the carotid arteries, 
or to that resulting from the inhalation of an 
inert gas. The second form is strictly analogous 
to the well-known postural fainting, and it is a 
circulatory, rather than a _ purely cerebral, 
collapse. ‘Which type will occur depends largely 
on the time-course of the centrifuge run. The 
sudden application of high accelerations will 
produce acute cerebral anoxia in a few seconds, 
while slower rates of application, or a long 
sojourn at a lower peak acceleration, will give 
rise to circulatory embarrassment and syncope. 
Individual susceptibility will also influence the 
outcome in marginal cases. It seems certain that 
in the experiments described both types of 
unconsciousness were seen. 
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Firry years ago the anesthetist was presented 
with similar problems to those which beset us in 
1959. Abdominal relaxation was one of them. 
Blumfeld (1903) in a discussion before the Society 
of Anesthetists held in 1902, stated that lack of 
abdominal relaxation was due to faults in 
administration and to abnormalities in the 
patient. Among the former were included lack 
of a free airway from inefficient holding of the 
jaw, lack of a free supply of air with the anes- 
thetic, and excessive respiratory vigour from 
inadequate depth of anesthesia. Abnormalities 
of the patient included a narrow costal arch (even 
in those days costal cartilage would not yield to 
the surgeon’s will), reflex contraction of the recti 
due to underlying inflammation, and excessive 
excitability of a reflex nature in neurotic and 
nervous patients. 

As a house surgeon in the late 1920s in the 
clinic of Professor Grey Turner, I watched 
anesthesia induced with ethyl chloride, chloro- 
form or the alcohol-chloroform-ether mixture. 
Ether was used for maintenance, poured on to 
a Schimmelbusch mask, and the state of delirium 
associated with the early stages of anesthesia 
required the presence of at least one member of 
the strong-arm brigade to keep the patient on 
the trolley. Relaxation was always a problem. 
If the patient was considered to be too ill for 
general anesthesia the professor himself admin- 
istered a spinal anesthetic using Stovaine 
according to Jonnesco’s technique (1909). The 
anesthetist had none of the modern aids to 
anesthesia which we now think indispensable 
such as endotracheal tubes, gas machines, 
suckers, and intravenous drugs, but he enabled 
his surgeons to do quite elaborate operations 
such as gastro-enterostomies, explorations of 
the common duct and excisions of the rectum. 
The post-operative condition of the patients was 
definitely not as good as it is to-day. We did 
not stimulate our patients to cough up their 
secretions, wrongly thinking them to be due to 
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bronchitis or pneumonia caused by irritation of 
ether vapour. Nausea and vomiting were 
common, though even to-day we have not con- 
quered this serious problem. 

The deadly dangers which can accompany 
the aspiration of stomach contents during induc- 
tion and maintenance of anesthesia were ill 
understood, and morbidity and mortality from 
these accidents were seen then as now. The 
slow induction, however, was sometimes a 
blessing in disguise as the laryngeal reflex was 
preserved until quite late. 


Endotracheal Anesthesia 

One of the greatest advances in technique was 
the introduction of endotracheal anzsthesia. 
Before it, the patient's airway was always an 
uncertain quantity so that minor or even major 
degrees of respiratory obstruction were frequent 
and, when due to laryngeal spasm, most difficult 
to remove. 

The war of 1914-1918 left many patients 
requiring surgery in the post-war years, much of 
it dealing with the head and neck. It was this 
problem which stimulated our great English 
colleagues, Ivan Magill (1920) and Stanley 
Rowbotham (1920) to carry forward the infant 
technique broug « to England by Robert Kelly 
of Liverpool] in 1912, until it reached the healthy 
maturity and almost universal application, at any 
rate in abdominal surgery, with which we are 
familiar to-day. 

There are those who think that intubation is 
employed too frequently in the 1950s (Koontz, 
1959) and there are certainly many abdominal 
operations where the insertion of a tube is not 
strictly necessary. Nor would I personally sub- 
scribe to the opinion that an endotracheal tube 
should be passed just because a_ technique 
employing assisted or controlled respiration is 
being used, or because a muscle relaxant has 
been injected. One can safely and efficiently 
inflate the lungs of a patient without a tube being 
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in place, especially if the operation is not a 
long one. On the other hand, I consider the 
presence in the trachea of a cuffed tube to be 
necessary in every case in which the surgeon may 
explore the upper abdomen, for gastric contents 
may be expressed up the csophagus into the 
pharynx, and trickle into the lungs unless stopped 
by an inflated balloon. 

We are all familiar with the performance of 
endotracheal intubation, but even in the most 
expert hands difficulties are occasionally met 
with. We all have our favourite laryngoscope, 
and bitter are the arguments sometimes heard 
when different ones are compared; it seems that 
the curved blade designed by Sir Robert 
Macintosh (1943) is slowly drawing ahead in 
popularity. Incidentally, why is it so difficult to 
obtain a laryngoscope specially designed to be 
inserted into the left side of the mouth? There 
are a few patients whose dental anatomy makes 
this a safer approach. 

I am sorry to see the technique of blind nasal 
intubation disappearing from the repertoire of 
the young anesthetist. Time was when it might 
take twenty minutes to obtain with ether, sufficient 
relaxation to make the insertion of a laryngo- 
scope both easy and free from trauma, and under 
such conditions the short cut provided by blind 
intubation was a great boon to the anesthetist, 
surgeon and even patient. Our use of relaxing 
agents now makes visualization of the larynx 
relatively easy in the great majority of our 
patients. Occasionally, however, the anesthetist 
meets an individual with such firm, strong and 
protuberant teeth, or such rickety, carious or 
wrongly pointing ones, that he hesitates to use a 
laryngoscope or, using it, fails to see the cords. 


It is in such patients that blind intubation may 
still find a place. It well may be that even the 
trauma produced by a new cuffed tube as it is 
gently inserted into the cocainized and well- 
lubricated naris and nasopharynx will be less 
resented by the patient than the breakage of a 
tooth or the dislocation of a bridge or filling. 
Certainly the results of the trauma are likely to be 
recovered from more quickly. But in order to 
pass a tube blindly through the nose, the anzs- 
thetist must be reasonably familiar with the 
technique, and that is why it seems to me that 
it should not be neglected when teaching young 
colleagues. Once familiarity with the method 
has been acquired, it is possible in the great 
majority of patients to slip a tube from the nose 
into the trachea after injecting intravenously 
about 200 mg of thiopentone followed by 25 mg 
suxamethonium. The relaxant takes the tone 
out of the cords, prevents them from going into 
spasm and, in the small dose used, spontaneous 
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respiration very soon returns to help the tube 
into the glottis, if it has not already been placed 
there during the brief period of apnoea. This is 
not a plea for frequent blind nasal intubation; it 
is a suggestion that what is still a most useful 
method should not be forgotten. 


Controlled Respiration 


Further control of the patients’ reflexes was 
brought about by the method of controled apnaea 
under anesthesia, first described by Guedel and 
Treweek (1934), using ether. Like many other 
innovations, little notice was taken of this radical 
departure from the usual, until Guedel’s paper 
was published in 1940, and Nosworthy’s equally 
important contribution reported in the Proceed- 
ings of this Society in the following year 
(Nosworthy, 1941). Controlled breathing be- 
came technically easy when cyclopropane made 
its appearance in the late “thirties, and it was very 
often necessary to employ the technique if ade- 
quate abdominal relaxation was to be obtained 
when cyclopropane was the chosen agent. In 
my own practice cyclopropane has given me far 
more anxiety than have relaxants when re- 
establishing normal breathing after operation. I 
do not think that cyclopropane is used alone very 
often to-day to produce full muscular relaxation, 
as safer and better methods are available. The 
employment of the gas served a useful purpose, 
however, in making anesthetists familiar with 
controlled respiration, a method which came into 
its own in the years following the description of 
the myoneural blocking effects of curare by 
Griffith and Johnson (1942). Most anesthetists 
to-day believe that it is difficult to get really good 
relaxation of the anterior abdominal wall, at 
least in its upper part, when a relaxant is used, 
without depressing the respiration to such a 
degree that controlled respiration is necessary. 
Assisted breathing still has its advocates (Foldes, 
1957) who believe that if activity of the respiratory 
centre is never completely abolished, irreversible 
apnoea cannot occur, so that prolonged apnea is 
impossible. It must, however, be mentioned 
that prolonged respiratory inadequacy may still 
be a danger after operation even when assisted 
breathing is used. 


Regional Analgesia 


In the first two decades of the century, the 
standard of administration of general anesthetics 
often left a great deal to be desired, and this 
stimulated surgeons, especially those in Germany, 
France, Austria, Hungary and Switzerland, as 
well as those in Great Britain and the United 
States to explore other avenues of pain relief. 
The problem of successful splanchnic block 
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eluded these early workers for a long time. 
Finsterer partially solved this problem by in- 
filtrating the roots of the mesenteries in 1912 (see 
Finsterer, 1923) and later in the same year adop- 
ted true paravertebral conduction analgesia as 
described by Lawen (1910). Lawen realized that 
if he kept his injections near to the exit of the 
spinal nerves from the intervertebral foramina, 
he would block the rami communicantes contain- 
ing the visceral afferent fibres from the contents 
of the abdominal cavity. In 1918 Kappis intro- 
duced his posterior splanchnic block, which made 
the abdominal viscera insensitive to traction and 
enabled the surgeon to dispense with light general 
anesthesia during intra-abdominal manipula- 
tions. Posterior splanchnic block, however, 
soon showed itself to be far from the answer to 
painless surgery. Its dangers included subarach- 
noid and intravenous injection, so that Braun's 
anterior method replaced it in 1919 (Buhre, 1920). 
Meanwhile Liwen was experimenting with extra- 
dural block, introduced via the sacral hiatus. An 
additional refinement was the technique des- 
cribed in 1922 by Seidel and Baruch who intro- 
duced 500-600 ml of 0-5°¢ procaine solution 
into the peritoneal cavity, to block the visceral 
nerve endings. Abdominal field block achieved 
some popularity but was later rivalled by the 
bilateral intercostal nerve block advocated in the 
excellent book written by Norman James (1941) 
during the last war. Interest in these techniques 
was to be short-lived, for soon afterwards curare 
burst on the anesthetic world and went far to 
solve the problem of muscular relaxation. 

How does the anesthetic world regard these 
regional techniques in 1959? 1 should say that 
in most clinics, little use is found for them though 
occasionally they may be indicated. By their 
use it is easy to dispense with controlled breathing 
and simultaneously avoid volatile agents which 
are sometimes regarded as too toxic for ill people. 
It is surely wise to regard regional techniques as a 
useful addition, to be used on specially indicated 
occasions. 

It has sometimes been argued that there is a 
place for some form of regional analgesia to 
supplement the very light anesthesia with nitrous 
oxide, oxygen and relaxant which many employ. 
It is believed by some workers that impulses from 
the viscera should be interrupted by properly 
placed local analgesic solutions. Here we see the 
shadow of Crile (1913, 1920). Such techniques 
as extradural block, anterior splanchnic or vagal 
block or intraperitoneal procaine spring to mind 
(Loder, 1957). 


Spinal Analgesia 

Spinal analgesia must always be considered 
when discussing pain relief in abdominal surgery. 
9 
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Only the occurrence of post-operative headache, 
and the very rare lesions of the cord and its 
meninges prevent it being one of the most popular 
methods to-day. All who have used it agree that 
it gives excellent results, even when compared 
with muscle relaxants. Why are serious sequelae 
referable to the central nervous system still 
occasionally seen? We do not know, and until 
we do anesthetists will continue to feel slightly 
unhappy about using the method as a routine. 


However, other methods of pain relief are also 
occasionally followed by untoward complica- 
tions. Spinal analgesia still has its warm supporters 
such as C. B. Morton (1959), Professor of Surgery 
at the University of Virginia, who describes 6,500 
of his own cases over a period of twenty-nine 
years, and I. S. Ravdin (1959), Chairman of the 
Board of Regents of the American College of 
Surgeons, who says that spinal analgesia pro- 
vides the best operating conditions and is the 
safest anesthetic for intra-abdominal operations. 
As with many other techniques and methods, 
feelings with regard to it range from bitter 
hostility and personal abuse, through distaste and 
resignation to enthusiasm, but I would not like to 
exclude it entirely from my practice, and it is my 
opinion that if every attention is paid to asepsis 
and a meticulous technique, serious harm is 
unlikely to result. I would like to see it regarded 
with what might be described as sympathetic 
impartiality. 


Extradural Block 


It is because of the excellence of this form of 
analgesia that many workers have now given up 
spinal analgesia. 

To-day, extradural analgesia has its devotees 
who claim for it all the good results which have 
long been known to follow subarachnoid block, 
with few of the disadvantages. A _ well-relaxed 
abdomen, moving quietly with the patient's 
spontaneous respirations, with absence of dis- 
tension of the intestine, and ischemia which is 
controllable . . . these are the factors which make 
the method very acceptable. We have found it 
most useful for all major gynecological opera- 
tions both perineal and abdominal; for lumbar 
sympathectomy, nephrectomy, and the surgery of 
the colon and rectum, for hernias, prostatect- 
omies and for some upper abdominal surgery. It 
is important to avoid large volumes of solution in 
the elderly and handicapped, and it should be 
the invariable rule to have an opening into a 
vein established before the block is induced, so 
that sudden hypotension or drug toxicity, which 
occasionally occur, may be dealt with expeditious- 
ly. The possibility of total spinal analgesia must 
always be borne in mind, but this need not cause 
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trouble provided the anesthetist knows what to 
do, and is fully alive to the situation. 


Nearly all our patients who receive an extra- 
dural block are asleep during the operation. When 
the intervention is on the lower abdomen we 
usually give intermittent doses of soluble hexo- 
barbitone preceded by 25 to 50 mg of pethidine. 
This enables the patient to snooze comfortably 
while on the table and at the same time react to 
light stimuli such as face-patting, before he 
returns to the post-operative observation ward. 
When the surgeon is likely to explore the upper 
abdomen, we prefer to have the patient intubated. 
He can then breathe a gas-oxygen or an oxygen- 
halothane mixture spontaneously throughout the 
operation, or respiration can be assisted, if the 
minute volume is decreased. 

Serial injections through a nylon catheter 
placed in the extradural space through a Tuohy 
needle allow prolonged analgesia and avoid the 
one-shot injection of a volume of solution which 
may be too large or too small. Complications of 
the block are reported occasionally but are 
possibly no more frequent than those following 
general anesthesia. 

It seems to me that extradural analgesia is most 
satisfactory to surgeon, patient and anesthetist 
and in properly selected cases gives results as 
good as those obtained by other techniques. 


The Position To-day 

What kind of general anesthesia is commonly 
used to-day for abdominal surgery? It seems 
that anesthetists are divided into two camps: 
those who believe that their patients should be 
what they call properly anesthetized, and those 
who are happy as long as the patient shows no 
sign of pain, even though only receiving such 
weak agents as nitrous oxide and oxygen. 

It is most difficult to measure the effects of 
surgery and of anesthesia, so that our views are 
more akin to prejudices than to. scientific 
opinions founded on well-attested data. On the 
one hand there is the technique which employs 
the smallest sleep dose of an intravenous barbit- 
urate, or none at all, together with gas-oxygen 
and a relaxant in such doses that all reflex re- 
sponse is blocked on the efferent side, a technique 
first described in 1946 by Harroun er al. In 
addition more or less hyperventilation may be 
employed as a deliberate part of the method. On 
the other hand there are the workers who give a 
larger dose of barbiturate for induction of 
anesthesia, with additional doses throughout the 
operation, and pethidine, cyclopropane, halo- 
thane, trichloroethylene or ether to supplement 
the gas and oxygen, and much smaller amounts of 
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relaxant than are used in the other technique. 
After the first method the employment of neo- 
stigmine will be almost routine. This has certain 
rare ill effects on the heart but the work of Hunter 
(1953) and of Morton and Thomas (1958) has 
helped to clarify the position. It would appear 
that cardiac effects of a serious nature are very 
unlikely if 1-3 mg of atropine is given intra- 
venously, either before or along with a small dose 
of neostigmine which can then be repeated at 
frequent intervals until 2-5 mg have been given or 
until depression is overcome; always remember- 
ing that a dose of more than 5 mg may cause a 
depolarizing block on its own account. By this 
means, dangerous bradycardia can be avoided. 
In operations taking a short time, full relaxation 
can be provided by the use of suxamethonium 
either as a drip or by repeated injections. 
Properly managed, both groups of patients can be 
made to appear fairly spry on the operating table 
soon after the termination of the operation. 


Nitrous oxide is probably the ideal agent for 
the production of light narcosis, although a 3°, 
mixture of ether vapour in air which can easily 
and economically be provided by the E.M.O. 
ether inhaler may run it close, and may combine 
slightly deeper narcosis with little increase in 
toxicity (Epstein and Macintosh, 1956). 

In recent years doubts have been expressed 
about the efficiency of nitrous oxide with enough 
oxygen in providing perfect amnesia and free- 
dom from pain during the operation, when no 
other narcotic or analgesic agent has been used. 
Thus many workers have thought it advisable to 
give an intravenous analgesic such as pethidine in 
addition. Provided that sufficient relaxant is 
given to prevent all muscular movement, it is ms 
clinical impression that pethidine is unnecessary, 
although I would agree that it seldom does 
serious harm if its dosage conforms to the rules. 
It is always pleasant to have one’s clinical im- 
pressions backed by laboratory findings and in 
this connexion Gray (1954) has described experi- 
ments showing that a 50/50 nitrous oxide-oxygen 
mixture will induce and maintain sleep once 
nitrogen is eliminated. 

I am certain that one of the most troublesome 
reflexes, hiccup, can be more readily controlled by 
large doses of relaxants than by any other method. 
It certainly seems to be a reflex which yields more 
effectively to efferent, than to afferent block, so 
that for this reason alone my own preference is 
for maximal relaxant and minimal narcotic, 
together with hypocapnia from hyperventilation, 
and gas-oxygen. Using this technique, I find 
pethidine and its congeners quite unnecessary, 
while intravenous barbiturate is confined to the 
small induction dose and is not repeated during 
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the operation: all muscular reflex response is 
controlled by additional relaxant. 


Many anesthetists believe that hyperventilation 
reduces the amount of barbiturate and relaxant 
drugs needed to give good operating conditions, 
a belief which has received experimental support 
from Dundee (1952) and Clutton-Brock (1957). 
We are thus not certain if we are doing our 
patients any harm by hyperventilating them, but 
clinical observation would tend to show that no 
ill effects are produced. 


It is interesting to note that physicians and 
anesthetists who deal with patients suffering from 
various forms of respiratory insufficiency are not 
greatly impressed by the ill effects of hyperventila- 
tion, which is sometimes produced by their 
artificial ventilating machines. Walley (1959), 
for example, states that for various reasons he 
has overventilated patients for considerable 
periods to the extent that their arterial carbon 
dioxide tension fell from a normal of 38/42 to 
20/30 mm Hg and that they showed no abnormal 
signs or symptoms. 


Additional support for the view that a reduc- 
tion in the CO, tension consequent on hyper- 
ventilation is a useful and justifiable aid to safe 
anesthesia, is given by Geddes and Gray (1959). 
It has been suggested that a low CO, tension 
depresses the function of the mesencephalic 
reticular substance which by its peripheral con- 
nexion with the cortex normally maintains the 
state of consciousness (Bonvallet and Dell, 1956). 


There is, then, some scientific justification for 
the undoubted clinical fact that, in abdominal 
anesthesia, patients do very well indeed if they 
are made apneeic with a relaxant, and then hyper- 
ventilated with gas and oxygen. Such patients 
require a minimal amount of thiopentone, no 
more than the initial sleep dose of 100 to 250 mg 
or even none at all. They must, however, be 
given enough relaxant to prevent all efferent 
response to the surgical stimuli throughout the 
operation. 


There will be those who dissent from some of 
the things said in this Address, but over the years 
a practising anesthetist comes to hold certain 
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opinions which may be described either as 
principles or as prejudices according to the view- 
point, and these I have had the privilege of setting 
down in this paper. 
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THt relationship between meteorological con- 
ditions and mortality has long been a source of 
interest and speculation. Several studies have 
demonstrated the close association between 
temperature and mortality, and recently the 
London fog disaster of 1952 has focused attention 
on the effects of air pollution. 

This investigation is concerned with the re- 
lationships between mortality, particularly res- 
piratory mortality, and meteorological conditions 
and atmospheric pollution, both in an urban 
environment, London Administrative County, 
and a rural one, East Anglia. The basic data 
were supplied from official sources. For the 
London area it was possible to make weekly 
indices of mortality, temperature, absolute 
humidity, sulphur dioxide pollution and smoke 
pollution, and for the East Anglia area com- 
parable indices of mortality, temperature, humid- 
ity and fog. The analysis was restricted to the 
winter months of the years 1947 to 1954, each 
winter being arbitrarily defined as the twenty-six- 
week period centred around the end of one 
calendar year and the beginning of the next. Thus 
seven winters were analysed. 

Correlation coefficients were calculated separ- 
ately for each winter and an overall picture 
obtained by averaging these correlations rather 
than the basic data. Weekly deaths were 
correlated with meteorological and _ pollution 
factors in the same week and in each of the pre- 
ceding six weeks. 


Results 
London Administrative County.—The indices 
most closely associated with mortality were those 
of temperature (Table 1) and absolute humidity. 
Correlating weekly deaths, at 45 years and over, 
with temperature of the same week yielded a co- 
efficient of —0-5. This rose sharply to --0-7 
when mortality was related to temperature of the 
immediately preceding week, and gradually 
declined thereafter when correlated with temper- 
ature of successively earlier weeks. The humid- 


ity correlations presented an exactly similar 
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pattern and it was evident that the interdepend- 
ence between these two variables prevented any 
discrimination as to their relative importance. 
For both, the close association with mortality 
was equally evident for respiratory and heart 
disease, and the pattern of peak correlations with 
climatological indices of the weeks immediately 
preceding death was maintained when deaths in 
older (over 65 years) and younger (under | year) 
age groups were examined separately. However, 
the levels of coefficients attained were lower, 
approaching —-0-5, in the very young age group. 

In contrast, the correlations between mortality 
and sulphur dioxide or smoke pollution were 
lower, §0°5 and +0-4 respectively, and no 
definite peak values were obtained in relationship 
to the six preceding weeks. A limited partial 
analysis confirmed this lesser degree of association 
and suggested that, of the two pollution indices, 
sulphur dioxide was more closely associated with 
mortality, particularly respiratory. 

Rural districts of East Anglia.—in the rural 
area, the relationships between weekly deaths 
from cardiorespiratory disease and temperature 
and humidity were essentially similar to those in 
London. In particular mortality was again most 
closely associated with temperature and humidity 
indices of the immediately preceding weeks, 
gradually declining from a peak of around —0-7 
when related to indices of earlier weeks. It 
appears that the urban atmospheric pollution, 
absent in East Anglia, has little effect on the general 
association between temperature, or humidity, 
and mortality. 

1.— LONDON ADMINISTRATIVE COUNTY 
Average correlation between weekly deaths from cardiorespiratory 
disease. at 48 years and over, and related temperature indices 


Weekly deaths at 45 yr. and over from 


Temperature Bronchitis and 


relating to pneumonia Bronchitis Heart disease 

same week 0.499 0 $38 0-852 
0.720 0-727 0.744 
week -2 O719 0.694 0 688 
week 3 0-668 0-638 0-553 
week 4 0-640 0-620 0-589 
week-§ 0 628 0 604 0-554 
week 6 0 S80 0-559 
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Mortality trends in rural and metropolitan fogs. 

Visibility data were used to assess the relative 
effects of fog in the two environments. In each 
area weekly mortality figures were grouped 
according to temperature conditions of the 
week preceding death, and then subdivided 
within each temperature grouping according to 
the number of hours of related fog (i.e. visibility 
of less than 440 yd). It is apparent that in East 
Anglia there was no definite association between 
mortality and visibility under constant temper- 
ature conditions (Fig. 1). In each of the different 
temperature ranges, mortality levels were un- 
affected by variation in the number of hours of 
fog. The London data, on the other hand, 
showed a marked association between fog and 
mortality during very low temperature conditions. 
Thus at temperature indices below 32 F, the 
weeks with the highest fog rating had an average 
bronchitis mortality three times greater than for 
those weeks with the lowest fog rating, and deaths 
in the combined cardiorespiratory group were 
almost doubled. With slightly higher temper- 
atures a mortality gradient with fog remained 
evident for deaths from bronchitis, but above 
36 association disappeared for both 
respiratory and heart disease. It appears that 
the more serious effects of metropolitan fog, as 
measured by excessive increases in mortality, 
occur only when fog is accompanied by very low 
temperature conditions, a finding consistent with 
the conclusions of Russell (1924) from a long- 
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DISCUSSION ON 
Professor C. P. Beattie (Sheffield): 
Epidemiology of Toxoplasmosis 
Toxoplasma exists in two forms—the free 


proliferative form, found in acute infection, and 
the cyst form which is associated with the develop- 
ment of antibodies in the host. In contrast to 
the free form the cystic form is well tolerated by 
the host and does not set up an inflammatory 
reaction. It can remain dormant in the tissues of 
animals for the period of their natural lives; it has 
been found in a baby 32 months after congenital 
infection (Couvreur, 1955) and also at autopsy in 
men who have died of causes other than toxo- 
plasmosis (Kean and Grocutt, 1947). 

Toxoplasma infects many, probably all, species 
of mammals, including man, and also some 
species of birds. Nor has it any more respect for 
the boundaries of geography than for those of 
zoology, being found in the Arctic Circle and even 
more commonly in the tropics. Results of 
serological surveys of its incidence in adult man 
are shown in Table I. 
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term study of mortality in two London boroughs. 
REFERENCE: Russeit, W. T. (1924) Lancet, ti, 335 
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respiratory disease, at 45 years and over, related to 
temperature and fog indices of the preceding week 
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TOXOPLASMOSIS 
TABLE Evyipence oF IN; MAN 
No 
Place tested + ve* 
U.S.A. Memphis(Tenn.) 987 17 Gibson e7 al. (1956) 
U.S.A. Pennsylvania 144 35 Feldman and Miller (1956) 
U.S.A. Navajo Indians 236 4 Feldman and Muler (1956) 
Norway 1,599 7 Harboe (1952) 
Iceland 108 Feldman and Miller (1956) 
Guatemala 100 94 Gibson and Coleman (195%) 
New Zealand . 258 46 Manning and Reid (1956) 
England 1,104 29 Beattie (1957) 


*Dye-test titre of | 
was 1:10 


16 or more except Norway where the titre 


Noteworthy is the marked difference from 
place to place. Grénroos (1955) observed con- 
siderable variation within a comparatively small 
area, as did Beverley (1956) who found dye-test 
antibodies to a titre of 1 :4 or more in 75°, of 
adults in Spilsby but in less than 35°, in Southwell. 

On average antibodies were more frequently 
found in rural (36°, at a titre of 1 : 16 or more) 
than in urban districts (22-5°,) (Beverley, 1956). 
Piekarski (1955) made a similar observation, but 
Gibson (1956) found no difference. 

Serological surveys on animals give a similar 
picture (Table Il) and show even more striking 


Taste EVIDENCE OF TOXOPLASMOSIS IN ANIMALS 


Per cent positive* 


Cats Dogs Swine Sheep Cattle 

Tennessee 49 16 21 24 O Eyles et al. (1989), 
Gibson and Jumper 
(1960) 

Holland 50 64 21 Roever-Bonnet 
(19S7b) 

Czecho- 

slovakia 77 20 s 12 8 Havlik and Hubner 

(1958) 

Sheffield 16 32 12 16 Rawal (1959a) and 


unpublished 


*Dye-test titre of 1 : 16 or more 


differences. In New York State, Feldman and 
Miller (1956) found no antibodies in two herds of 
cattle but 38°, and 49°, in two others. Among 
the sheep of the Navajo Indians the incidence was 
5°<, but in Kentucky sheep 56°, (Feldman and 
Miller, 1956). Beverley (1959) found antibodies 
in 34°¢ of sheep in two West Riding flocks but in 
90°, of one East Riding flock. 

In spite of the vast amount of infection 
toxoplasma does relatively little harm. If ability 
to live on good terms with its host be the criterion 
of the success of a parasite, then toxoplasma is 
eminently successful. Sometimes of course it 
does cause harm, the most tragic manifestations 
being found in congenital infections. Obviously 
not all infections, certainly not all human infec- 
tions, are congenital. If they were the incidence 
of toxoplasma antibodies would be highest in 
childhood, for this is an infection which, though 
present in foetal life, stimulates antibodies in the 
baby. In fact the reverse is the case; the incidence 
of antibodies increases with advancing years. 

The commonest manifestation of acquired 
toxoplasmosis is lymphadenopathy, clinically 
indistinguishable from infectious mononucleosis, 
and sometimes giving a similar blood picture. 
It is never, however, accompanied by a Paul- 
Bunnell reaction. In England about 7° of 
cases of “glandular fever’ in which there is no 
Paul-Bunnell reaction are, in fact, cases of toxo- 
plasmosis (Beverley and Beattie, 1958). 

Siim (1959) reported on 40 patients with 
adenitis of unknown origin examined in the out- 
patient department of the Finsen Institute, 
Copenhagen. Of these, 5 (13°) had _ toxo- 
plasmosis. Other causes were Hodgkin’s disease 
(2), metastases (1), reticulum cell sarcoma (1) and 
tuberculosis (2). 

The severity may vary from a few enlarged 
symptomless glands, found on routine medical 
examination, to generalized glandular enlaige- 
ment with marked weakness, muscle pains and 
protracted convalescence. Toxoplasms have on 
several occasions been isolated by muscle biopsy. 
Complete recovery is the rule but a few cases have 
been complicated by myocarditis and by choroido- 
retinitis. This has given rise to the suspicion that 
primary myocarditis might be due to toxoplas- 
mosis. There is at least one proven instance of 


this (Potts and Williams, 1956) but serological 
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investigation of patients suffering from myo- 
carditis does not suggest that toxoplasmosis is a 
common cause. The position with regard to 
choroido-retinitis is obscure. It is estimated, on 
serological grounds, that in 25°% to 35°% of cases 
toxoplasmosis is the cause, but how much is of 
congenital and how much of acquired origin is 
unknown. Other reported manifestations of 
acquired toxoplasmosis have been encephalitis and 
a fatal typhus-like disease. The former has been 
rarely, and the latter never, seen in this country. 

The next question is whence does infection 
come? In view of the wide distribution of 
toxoplasma in the animal kingdom this should be 
easy to answer. But from the very abundance of 
infected animals comes difficulty. Thus Gibson 
and Eyles (1957) in the neighbourhood of a con- 
genitally infected baby found infection in dogs, 
cats, mice, hens, ducks and pigeons. Only the 
wild birds were free. They regarded toxoplas- 
MOSIS as a ZOONOSIs passing between many species 
of animals including man. 

Of man’s domestic animals, dogs and cats have 
been most frequently suspected. It is indeed 
possible that a susceptible person caring for an 
acutely sick animal might pick up the infection, 
but in many cases there is no history of intimate 
contact and it is hardly likely that casual contact 
with a latently infected animal would suffice. 
Moreover Beverley et a/.(1954)found no difference 
in the incidence of toxoplasma antibodies in men 
who kept dogs and in others who did not. There 
was, however, a significantly higher incidence in 
veterinary surgeons, abattoir workers and rabbit 
handlers, particularly rabbit trappers, but Roever- 
Bonnet (1957a) was not able to confirm this in 
abattoir workers. 

It should not be forgotten that the animal with 
which man is most in contact is man. There is 
no definite proof of man-to-man transmission, 
but Kemp (1950) suspected it in a nurse who had 
cared for a toxoplasmosis patient. Paton er al. 
(1958) thought it might have taken place in the 
case of two brothers who slept in the same bed, 
and Jacobsson (1953) found infection in a father 
and son. Sometimes, moreover, high-titre anti- 
bodies, indicating recent infection, are found in 
the healthy siblings of patients with acquired 
toxoplasmosis (Beverley and Beattie, 1958). This 
may indicate man-to-man transmission but may 
equally well point to infection from a common 
source. Against the theory of man-to-man trans- 
mission is the fact that antibodies are no more 
frequent in husband and wife than they would be 
by chance. 

Spread of infection must be considered in 
relation to the two forms of the parasite—the 
free proliferative form which dies soon after it 
leaves the body of its host, being particularly 
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susceptible to drying, and the cyst form which 
survives for rather longer periods. Toxoplasma 
is discharged in the secretions and excretions 
milk, urine, sputum, saliva, nasal discharge—of 
infected animals but, as the evidence has been 
obtained by animal inoculation, the form of the 
parasite is unknown. Spread of the proliferative 
form would have to be immediate, by inhalation 
or by the penetration of skin or mucus membrane; 
gastric juice destroys it fairly readily, so infection 
by ingestion is improbable. On the other hand 
the proliferative form readily infects animals 
when instilled into the nose. Beverley (1950) 
succeeded in infecting mice by placing them in 
a chamber into which toxoplasms of the R.H. 
strain were sprayed so that each mouse inhaled 
5 to 9 parasites. In a somewhat similar experi- 
ment Kunert and Schmidtke (1954) succeeded in 
infecting guinea-pigs but not mice. These, how- 
ever, were drastic experiments under highly 
artificial circumstances. 

The cyst form withstands external influences 
better than the proliferative form. In dead 
animal tissue it may remain alive for at least 
sixteen days at refrigerator temperature (Bain e7/ 
al., 1956). Nor is it destroyed by the gastric 
juice. Experimentally it has been found easy to 
infect animals with cysts by the oral route, a 
single cyst being enough to infect a mouse. 
Animals, and man, might therefore acquire in- 
fection by swallowing material contaminated with 
cysts discharged by infected animals. Un- 
fortunately we do not yet know if cysts are dis- 
charged, nor does this seem likely, for highly 
susceptible mice may be kept in very close assoc- 
iation with infected mice for long periods without 
becoming infected and the same is true of dogs 
(Jacobs, 1957). Cysts may be found in the lung 
alveoli of experimental animals (Lainson, 1958), 
and thus infection spread by cysts in sputum. 
Against this is the failure of infection to spread 
from animal to animal in close association. 

Cystsare, however, present in the flesh of infected 
animals and the only known way, apart from con- 
genital infection, by which mice become infected 
is by cannibalism. Dogs and cats might become 
infected when hunting, and man by eating meat 
containing cysts. Very probably this does occur. 
Siim (1951) reported that one of his toxoplasmic 
patients had been on a raw meat diet for medical 
reasons. So had the tuberculous patients with 
high dye-test titres described by Desmonts (1959). 
Certainly there are opportunities for infection in 
this way, for Rawal (1959a) isolated toxoplasma 
from the brains of 6 of 100 sheep and Jacobs 
(1957) from the diaphragms of 12 out of 50 pigs. 

For meat to produce infection it must be eaten 
raw or very imperfectly cooked; Rawal (1959) 
found the incidence of toxoplasma antibodies to 
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be the same in meat eaters (Christians and Mos- 
lems) as in vegetarians (Hindus) in Bombay. 

In this country there is littke consumption of 
uncooked meat. The little there is has occasion- 
ally given rise to trichinosis, which has been found 
predominately in women, particularly young 
women, who hurriedly put together a sandwich 
before going to work. The man of the house, 
who insists on having his meat properly cooked, 
escapes. If, therefore, toxoplasma infection came 
from eating infected meat it would be commoner 
in women than in men, and that is not so. 

Another suggested mode of transmission has 
been by blood-sucking insects, but no one has 
yet succeeded in effecting this experimentally. 

In some respects analogous to toxoplasmosis 
are coccidiomycosis and histoplasmosis which, in 
certain areas, are widespread but cause relatively 
little disease. These we believe are spread by the 
inhalation of spores from the soil. Toxoplasma, 
however, is such a strictly intracellular parasite 
that it is almost inconceivable that it could 
survive, let alone multiply, in soil. 

The puzzle is somewhat like that of Q fever in 
which inhalation appears to play a prominent 
part but the consumption of infected milk has 
also been incriminated. Toxoplasma may be 
found in milk, though with what frequency is 
unknown. Pasteurization temperatures, how- 
ever, destroy it (Rawal, 1959c), but some un- 
pasteurized milk is still drunk in this country. 
Milk, if it be a source of infection, cannot be the 
only one for the inhabitants of Bombay boil their 
milk yet have toxoplasma antibodies as frequently 
as the inhabitants of Sheffield. 
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Dr. J. K. A. Beverley (Sheffield): 
Congenital Toxoplasma Infections 

Infection with Toxoplasma gondii in human 
beings usually remains subclinical; even so, before 
immunity becomes established, some degree of 
spread occurs in the body by direct extension from 
the portal of entry, by the lymphatics, by the 
blood stream, or by combinations of these 
methods. When spread occurs by the blood 
stream, minute secondary foci may be established 
in any of many tissues. If a primary infection 
occurs in a pregnant woman, secondary foci may 
develop in the placenta and these may release 
toxoplasma into the foetal circulation; so, the 
seeds of congenital toxoplasmosis are sown. 

What happens next depends on several factors 

the age of the foetus, the size of the infecting 
dose and the virulence of the strain of toxo- 
plasma. At best, the infection may be overcome 
without any permanent damage; this does happen 
for we know of one patient with bilateral choroid- 
itis whose twin had no signs at all and yet was 
found to have high antibody levels when aged 2 
years. At worst, a generalized infection develops 
and leads to foetal death. 

Infection in early pregnancy may lead to 
abortion (Magnusson, 1951; Wildfiihr, 1954) but 
it is not a common cause of this for Feldman and 
Eichenwald (1953) investigated 95 cases without 
finding any evidence of active toxoplasmosis. 
Depending on the exact time infection later in 
pregnancy may cause a miscarriage, a premature 
live birth, a stillbirth at term, or a live birth with 
stigmata. If foetal infection occurs shortly before 
birth, the child may be born alive and appear 
quite normal only to develop changes during the 
first three months of post-natal life. 

The foetus does not make its own antibody. It 


is dependent on antibody acquired passively from 
its mother. This antibody in the presence of 
“activator’—a complement-like component of 
serum—is toxoplasmocidal. The concentration 
of the passively acquired antibody in the foetal 
plasma depends on the permeability of the 
placenta to maternal antibody. Before the 32nd 
week of pregnancy, practically no antibody 
crosses to the foetus, but during the next month 
gradually increasing quantities, and in the last 
month large amounts, are transferred. The 
foetal concentration is also proportional to the 
maternal concentration and at term the ratio on 
the average is 5:3. The maternal antibody 
concentration in its turn is in some measure 
related to the permeability of the placenta in the 
reverse direction for this governs the amount of 
antigen transferred back from foetus to mother. 

Early in intra-uterine life, the foetus has no 
complement or activator and it is not until the 
early days of post-natal life that all the compon- 
ents of a fully hemolytic complement are present. 
In general the antibody and complement con- 
centrations in the foetal plasma are greater, the 
longer the duration of the pregnancy. The 
effectiveness of passively acquired antibody is 
greatest in the foetal body fluids and very much 
less in the cells —where most of the parasites are. 
There is evidence that the greater the similarity of 
maternal and foetal antigens, such as A B O and 
other blood group antigens, the greater is the 
penetration of the passively acquired antibody 
into the foetal cell membranes. 

With the first shower of toxoplasms from the 
placenta into the foetal circulation, a parasitemia 
is established. Some of the organisms are 
engulfed by reticulo-endothelial cells and settle in 
such tissues as liver or spleen to multiply there 
and spread locally with the formation of focal 
lesions which may undergo central necrosis. 
Generally speaking, the more actively growing the 
tissue is, the more likely it is to be the site of 
toxoplasma proliferation. Hepatosplenomegaly 
with or without jaundice is a common finding. 
Disturbances of the hemopoietic system may 
occur and we have been concerned with two cases 
where congenital purpura was the only clinical 
finding. Some cases simulate hemolytic disease 
of the newborn (Bain ef al., 1956). At this 
visceral stage of the infection, lymph-node 
enlargements, generalized ceedema and skin rashes 
(usually morbilliform) may occur. 

Usually the foetus or infant survives this stage 
and the systemic effects gradually subside; central 
nervous system involvement may follow, prob- 
ably because the defence mechanisms operate less 
efficiently here. By far the commonest site of 
clinical manifestations is the choroid of the eye. 
The size, the situation in the choroid and the 
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number of the lesions vary enormously. Some- 
times spread occurs to other tissues of the eye 
causing a panophthalmitis and a useless micro- 
phthalmic eye may result. If confined to the 
choroid and retina, an extensive lesion will cause 
a white “reflex” on shining a light into the eye 
and such a defect is usually noticed at a very 
early age. A less extensive lesion, but one in- 
volving the macula, may be the underlying cause 
of a searching nystagmus or a squint, first noticed 
about the time that binocular vision should be 
established. Lesions just off the macula may not 
be found until early school life when the child is 
first suspected of having a visual defect and an 
ophthalmoscopic examination is made. Other 
lesions in the periphery of the fundus may not be 
found until much later in life when an acute 
exacerbation occurs, accompanied by vitreous 
haze and diminution of visual acuity. Some 
lesions are found on routine ophthalmoscopy and 
have never given rise to symptoms. 

Toxoplasmic choroido-retinitis is by no means 
a rarity. Over a nine-year period (July 1950 to 
June 1959) 89 patients who had both choroido- 
retinitis and toxoplasma antibodies were seen at 
the United Sheffield Hospitals and 20 such cases 
were seen at the Barnsley Beckett Hospital (Table 
1). The population of the catchment areas of the 


Taste OF PATIENTS WITH CHOROIDO- 
RETINITIS SEEN AT THE UNITED SHEFFIELD AND BARNSLEY BECKETT 
Hospirars 1950-59 


Decade 1 2 3 4 5 6 7 Total 
No. of cases is 22 2% 2 18 7 4 = 109 
Sheffield Hospitals is 675,360 and that for 


Barnsley 169,180. While we feel confident of the 
diagnosis for those patients in the first decade, 
and for most of those in the second decade, we 
are not so certain of many of the remainder for, 
even though the clinical appearances were the 
same as those of the younger patients, their anti- 
body titre was much lower, in some cases it was as 
low as the levels commonly found in normal 
adults. This is only to be expected, for antibody 
titres fall with the passage of time since infection 
(Table II). 


Dye Test Titres oF YOUNG PATIENTS 


Age No. of 
(years) cases Average Range 
At birth 2 1:3.780 1:5,700-1 1.800 
1 8 1: 850 1 : 2.000-1 : 100 
1- § 12 1:374 1: 1.000-1 : 46 
6-10 12 1: 860-1: 15 
11-15 1:S1 1: 160-1:10 
16-20 i! 1:30 1:98-1:10 


While there must have been variations in the 
age of onset of symptoms and also while it must 
be realized that some of these patients were known 
to have choroido-retinitis many years ago— 
before the possibility of a toxoplasmic etiology 
was appreciated—the incidence in the different 
10-year age-groups does not appear to increase 
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with age; this supports the contention that most 
cases are the result of congenital infection. 

The brain and spinal cord are liable to damage. 
A common site is the layer of tissue a few mm 
external to the ependyma of the lateral ventricles, 
but more superficial parts of the cortex, the basal 
ganglia, the medulla and the cord may also be 
affected. The cerebellum, by contrast, is rarely 
involved. The lesions are focal but may be so 
numerous as to become confluent. If this happens 
in the sub-ependymal areas, portions of tissue 
may be shed into the ventricles and start an 
ependymitis, involve the choroid plexuses and 
lead on to meningitis. Should larger portions of 
tissue be detached, blocking of the aqueduct and 
consequent obstructive internal hydrocephalus 
may occur. Sometimes, usually in intra-uterine 
life, there is such extensive loss of cortical tissue 
that microcephaly with internal hydrocephalus 
results. 

Calcification occurs in the brain lesions, more 
particularly in the healing stages, and thus may be 
absent at birth but present a few months later. 
It is often detectable on X-raying the skull and 
usually takes the form of curvilinear streaks in 
line with the walls of the lateral ventricles. 
Large opacities of irregular outline may be found 
when more superficial parts of the cortex or the 
basal ganglia are involved. 

Because damage can occur in almost any part 
of the brain, the neurological signs vary enorm- 
ously. Some children are of normal intelligence 
while others are virtually decerebrate animals. 
Convulsions during the active process are quite 
common; a few cases develop epilepsy later— 
presumably as a result of the “healing” processes 
of cicatrization and calcification. Hypothermia 
may be present if the basal ganglia are involved. 
Palsies and sensory changes may be found if the 
child survives to an age when tests can be made. 

In most cases of congenital infection, irrepar- 
able damage has already been done. In the older 
patients the lesions are usually inactive though 
the infection may still be present but dormant. 
Acute exacerbations of choroido-retinitis may 
occur, particularly in early adulthood. In the 
neonatal period, however, there is usually some 
residual activity and “healing” is not yet com- 
plete. For these cases and for those adults 
experiencing exacerbations treatment should be 
attempted. Toxoplasma are sensitive to 
Pyrimethamine (an anti-folic-acid agent) and to 
the sulphonamides (anti-paraminobenzoic-acid 
agents) which inhibit multiplication. Neither 
drug alone will eliminate infection, but when 
given together there is a synergy and the com- 
bination will eliminate proliferative forms of the 
parasite. The cysts are more resistant but, in 
experimental mice, even they will succumb to 
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prolonged treatment. Though the cysts them- 
selves do not cause damage they are reservoirs of 
potential agents for future recrudescences. Con- 
sequently serious consideration should be given 
to the prolongation of , treatment for several 
months after the acute stages of the infection have 
been controlled. These drugs are toxic and a 
careful watch must be kept on the patient’s 
blood for signs of folic-acid deficiency. Toxo- 
plasma induce both humoral and tissue anti- 
bodies, and so give rise to a hypersensitive state. 
The tissue reactions tend therefore to be granulo- 
matous but they can be controlled or minimized 
by the concurrent administration of  corti- 
costeroids. The specific anti-toxoplasma therapy 
should, however, be continued for at least a fort- 
night, preferably longer, after the cessation of the 
cortisone therapy. 


Congenital toxoplasma infection occurs in 
animals other than man. Among the usual 


laboratory animals we have, so far, found it in 
three strains of mice—Swiss, Albino and Astrex 

and in multimammate rats and rabbits. The 
maternal infection need not take place during 
pregnancy, and once established foetal infection 
may occur in several subsequent pregnancies, 
being found in the fifth pregnancy in Swiss mice 
and multimammate rats. Most of the work so 
far has been done with Swiss mice and on the 
average almost half the litter was infected, some- 
times only one mouse, sometimes all of them; 
there was also a higher neonatal mortality than 
in controls, Congenitally infected Swiss mice 
themselves usually deliver infected offspring with- 
out infection from an external source and, up to 
the present time, such transmission has proceeded 
as far as the sixth generation. We have no in- 
formation yet on this point in the other species. 

So far these findings might, in part, be ex- 
plained on the grounds that women and all the 
animal species already mentioned have a placental 
barrier only one or two cell layers thick, hence 
transplacental passage would be easy. But con- 
genital transmission also occurs in sheep which 
have a syndesmo-chorial placenta—five layers 
thick. In the spring of this year we (Beverley 
and Watson, 1959) isolated toxoplasma from the 
aborted or still-born lambs of 6 of 39 aborting 
ewes in Yorkshire. Infection in a ewe does not 
necessarily kill the lamb for one ewe had twins, 
one born alive and the other dead and from its 
brain we isolated toxoplasma. 

I have mentioned animals for two special 
reasons. One is that further study on these lines 
may help to explain the frequency of infection in 
many species of domesticated and semi-domesti- 
cated animals, and the variations in the incidence 
of infection found in different geographical areas. 
The second is to have another opportunity of 
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emphasizing that findings in animals should be 
applied to humans only with great caution. 

From May 1952 to April 1953, through the 
courtesy of Dr. C. C. Bowley, the director of the 
Sheffield Regional Transfusion Centre, toxo- 
plasma serum antibody levels have been studied 
in 298 Rh-negative women through their preg- 
nancies. Early in pregnancy 115 (38-5°%) of 
these had low dye-test antibody levels and the 
remainder were negative. Of the 183 who were 
negative, only one became positive (to a titre of 
1 : 32); by the time we had traced her, she had 
aborted and unfortunately the products of abor- 
tion had been discarded. None of those who 
were positive in early pregnancy had any sub- 
sequent alteration of antibody level to indicate 
active infection. From this there seems no 
justification for terminating pregnancy on the 
grounds that a woman has dye-test antibodies, 
and indeed, such antibodies make active reinfec- 
tion unlikely. The only case in which thera- 
peutic abortion might perhaps be considered is 
when, during pregnancy, the woman’s antibody 
level rises from zero to a high titre. Even then, 
it must be borne in mind that the child need not 
necessarily have an infection with gross damage. 

Ten years ago, one was Cautious in answering 
the question nearly always asked by parents of a 
congenitally infected child—‘If we have another 
child, will it be all right?” Since that time many 
women have had a pregnancy subsequent to the 
one when they had an infected child. Both in 
this country and the U.S.A. these pregnancies 
have been followed very carefully and, so far, not 
one of them has resulted in another congenital 
infection. One woman we know has had three 
subsequent normal children. Another woman, 
herself a case of toxoplasmic choroido-retinitis 
probably congenital in origin, had an acute 
exacerbation of her choroiditis with marked rise 
of serum antibody levels while she was pregnant. 
Her child was quite normal. Thus a reasonable 
assurance can be given to parents that the same 
thing will not happen again. 
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Dr. G. B. Ludlam (Leeds): 
Laboratory Diagnosis of Toxoplasmosis 
Although toxoplasmosis may sometimes 
present a rather characteristic clinical picture, 
diagnosis can only be made with the aid of the 
laboratory, which may assist, apart from exclud- 
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ing other diagnoses, by attempting to isolate the 
parasite, studying biopsy material, examining for 
serum antibodies, and determining skin sensi- 
tivity to toxoplasma antigen. 

Isolation of the parasite is the only completely 
satisfactory method of demonstrating infection. 
This has been done from most tissues of the body, 
particularly the lymph nodes, blood, C.S.F., brain 
and muscle; and in the rarer cases where antibody 
formation is delayed or feeble, or the patient is in 
a very early stage of the disease, isolation may be 
the only method of making a diagnosis. For 
example, toxoplasma has been isolated from the 
blood four days after the onset of an infection 
acquired in a laboratory (Kayhoe et al., 1957), 
and from the amniotic fluid of a baby with 
anencephaly and from the C.S.F. of a baby with 
hydrocephalus, in both of whom serum anti- 
bodies were absent (Schmidtke, 1957). The 
parasite has also been isolated from the blood of 
a healthy woman in charge of a dog ill with 
toxoplasmosis (Prior et al., 1953). 

The technique consists essentially of the inocu- 
lation of body fluids or ground-up tissues intra- 
cerebrally or intraperitoneally into mice from 
toxoplasma-free stock. This may produce acute 
infection in the mice in a few days. More often 
blind passage is needed before infection can be 
demonstrated, but according to Wildfiihr (1954) 
no further isolations are to be expected after the 
third passage. Even where parasites may be 
impossible to demonstrate in the inoculated mice 
the presence of latent infection may be shown by 
the occurrence of dye test antibodies in the mice 
several weeks after inoculation (Desmonts and 
Le Tan Vinh, 1957). Instead of mice, guinea- 
pigs or hamsters may be used, and positive results 
have also been obtained by inoculating tissue 
cultures and chick embryos (Jacobs, Fair and 
Bickerton, 1954). Unfortunately even in cases 
that on good clinical and serological grounds can 
be regarded as due to toxoplasma it often proves 
impossible to isolate the parasite, and when 
isolated it may only be after considerable delay 
and labour. 

Gland biopsy. When the patient has lympha- 
denopathy, and other laboratory examinations 
have left the diagnosis in doubt, it may be 
necessary to remove a gland for histological 
examination. Some of the ground-up gland may 
also be used for isolation experiments. 

The characteristic appearances found corre- 
spond to Robb-Smith’s description (1947) of 
lympho-histocytic medullary reticulosis. This 


consists of a reactive hyperplasia of the lymph- 
node tissues with small collections of cells of a 
particular type scattered through the medulla. 
These cells are rather large mono- or multi- 
nucleate epithelioid cells with a finely granular 
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eosinophil cytoplasm. These appearances were 
encountered in 23 biopsies examined by Saxeén 
and his colleagues (1958) and in each case sero- 
logical tests afterwards supported their toxo- 
plasmic etiology. It seems probable, however, 
that in a number of cases, especially in the earlier 
stages of the condition, the appearances will be 
less distinctive and will show little more than a 
non-specific reactive hyperplasia. 

It is very difficult to find the parasites in sec- 
tions of suspected glands and most workers report 
negative results. Stanton and Pinkerton (1953) 
by serial sectioning were able to find two cysts, 
each lying in a sinus with no particular reaction 
around it. Cysts are relatively easy to see in 
section but it seems probable that scanty extra- 
cellular parasites, with standard methods of 
fixation and staining, even if present, are virtually 
unrecognizable. Improved histological tech- 
niques may assist in finding parasites. Wilder 
(1952) recommended mounting tissues in celloid- 
in, and Armstrong and Fulton (1959) have found 
an acridine orange fluorescent technique useful 
for showing up scanty parasites. 

Serology. Testing for serum antibodies is 
the most useful and practical laboratory aid in 
diagnosis and the one in most general use. Two 
tests are available—the Sabin-Feldman dye test 
(Sabin and Feldman, 1948) and the complement- 
fixation (C.F.) test of Warren and Russ (1948) as 
modified by Sabin (1949). The dye test is the 
more sensitive indicator of the presence of toxo- 
plasma antibody but has the disadvantage of 
being technically more exacting, requiring the 
maintenance of a standard strain of toxoplasma 
in the laboratory by frequent passage through 
mice, the use of a suitable peritoneal exudate from 
an infected mouse within an hour of its with- 
drawal, and of a human serum free from antibody 
and containing an adequate amount of thermo- 
labile “accessory factor’. Only about 10°, of 
human sera are suitable for this purpose. When 
the parasites are incubated with a serum con- 
taining antibody and with the ‘‘accessory factor” 
serum they lose their ability to stain with alkaline 
methylene-blue, the end-point of a serum being 
the dilution at which 50°, of the parasites are 
still unstained. In spite of the difficulties of the 
test Rubin (1958) found that his laboratory did 
not show a variation in titre of more than one 
tube in repeated tests on sera, and different 
experienced laboratories have found that when 
testing the same sera they do not usually get 
significantly different titres (Sabin et a/., 1952). 
The complement-fixation test on the other hand 
is a straightforward test, using as antigen an 
extract of the toxoplasma-infected chorio- 
allantoic membrane of the chick embryo, 
previously subjected to high speed centrifugation 
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to eliminate non-specific reactions. This antigen 
can be maintained in the frozen state for months. 
The interpretation of the dye-test results is made 
difficult by the frequent occurrence of low-titre 
antibodies in the normal adult population. After 
any passive antibodies acquired from the mother 
have been lost, the sera of normal young children 
give uniformly negative results, but with increas- 
ing age the incidence of positive sera rises, the 
rate at which it rises and its final level in the adult 
varying with the community. For example, 
Beattie (1957) found in England 36°% of country 
dwellers and 22°, of town dwellers giving titres 
of 1/16 or over. Feldman and Miller (1956) 
found a rather similar incidence in the United 
States. In the age group 30-39 years, the per- 
centage positive at 1/16 or more ranged from 
26°,, to 45°,, according to locality. On the other 
hand this age group had an incidence of 78°, in 
the Honduras and 77°, in Tahiti. The majority 
of these positive sera, however, were of low titre. 
Only 0-2°, of Beattie’s rural population and 
0-17°, of his urban population had a titre of 
1/256. The significance of a positive dye-test 
result must be considered against this back- 
ground. It is evident that a titre of 1/256 can 
reasonably be regarded as suggestive of a recent 
toxoplasma infection and in fact, in many cases 
of frank generalized infection, the titres will run 
at a much higher level. However, as sera may be 
persistently strongly positive at a fairly steady 
level for long periods the most satisfactory 
evidence of a recent infection is the demonstra- 
tion, by repeated serum testing, of at least a 
fourfold change in titre and preferably an eight- 
fold change (Sabin er al., 1952). Where low 
titres are obtained it is impossible to relate them to 
a present illness by a single test and here repeated 
testing at intervals of several weeks is essential. 
Commonly in an acute generalized infection 
the dye test becomes positive in less than two 
weeks and rapidly rises to a high titre of 1/256— 
1/4,000 or more. This then falls over a period of 
months and persists at a relatively low level for 
years. In individual cases great variation in the 
type of response may occur. There may be a 
delay of over a month before the serum becomes 
positive, although it may finally reach a high 
titre, or the highest titre reached may not be much 
above levels found commonly in the population. 
A high titre in itself is very suggestive of a recent 
infection but this has sometimes been found in 
healthy persons, particularly in home contacts of 
known cases, e.g. Beverley and Beattie (1958) 
report a child of 3 with toxoplasmic lymphadeno- 
pathy who had two brothers without a history of 
symptoms but with titres of 1/1,600 and 1/5,000. 
A high titre may coincide with an unrelated ill- 
ness. Huldt (1958), for example, reported 2 
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cases of lymphadenopathy with strongly positive 
dye-test titres in which biopsy of the lymph nodes 
showed lymphatic leukamia in one and tubercu- 
losis in the other, and Sabin (1956) reports the 
case of a man convalescing from a proved histo- 
plasma pneumonitis developing a high titre of 
dye-test and complement-fixing antibodies. 

In congenital toxoplasmosis a high dye-test 
titre is normally found in mother and child at 
birth, but it is impossible to distinguish at birth 
between a high titre in the infant due to passive 
transfer and one due to active infection. If due 
solely to passive transfer the antibody level will 
have shown a marked fall by the end of four 
months and will be absent or negligible before 
the end of the first year. In active congenital 
infection the titre is maintained and slowly falls 
over the following few years. It is doubtful if 
it ever disappears. Cases of latent or undis- 
covered congenital toxoplasmosis must occur, for 
positive sera may be found unexpectedly in small 
children without clinical toxoplasmosis; for 
example, Paul (1954) refers to two children aged 
14 months and 18 months suffering from vaccinial 
and pertussis encephalitis, both with dye-test 
titres of 1/64, both their mothers having high- 
titre sera. 

Complement-fixing antibodies are demon- 
strable much less commonly in the normal popu- 
lation. Macdonald (1950) found 5°% of normal 
adults with a titre of 1/10 or more, and other 
workers in this country have found a similar or 
lower incidence (Cathie and Dudgeon, 1949; 
Beverley ef al., 1954). In an acute infection 
complement-fixing antibodies appear later than 
dye-test antibodies, the titre attained is lower and 
it falls earlier. Their presence therefore tends to 
suggest that an infection is well established and 
may still be active. Owing to their relative rarity 
in the normal population they should be given 
more significance than a positive dye test com- 
bined with a negative C.F. test. Although the 
C.F. titres in an infection may roughly parallel 
the dye-test titres there are sufficient exceptions to 
this to suggest that the tests are detecting different 
antibodies. 

In congenital toxoplasmosis, at birth both 
mother and child normally give a high titre in the 
C.F. test but Sabin and his fellow workers (1952) 
report the occurrence of babies with congenital 
toxoplasmosis negative by C.F. test although 
their mothers’ sera were positive. They regard 
this as a sign that the child has an active infection. 
The titre in the baby gradually falls over the 
following few years and eventually disappears, 
although Eichenwald (1956) found that by the 
age of 5 years 44 out of 60 children with congenital 
infection were still giving positive results. 

Toxoplasmic choroido-retinitis is the most 
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difficult of the recognized manifestations of 
toxoplasma infection to diagnose serologically. 
The dye-test antibodies found are usually of a 
level commonly found in the normal population, 
for example in 21 cases proved histologically 
only three gave titres of over 1/64 (Jacobs, 
Cook and Wilder, 1954). However, low-titre 
antibodies are distinctly commoner than in 
normal persons in cases of choroiditis, especially 
those of a granulomatous type and.in which 
other causes have as far as possible been excluded 
(Woods et al., 1954). In the individual case a 
low-titre dye test cannot be regarded as diag- 
nostic. The result must be weighed up with 
other clinical and laboratory findings. Repeated 
serological testing may demonstrate marked 
changes in titre (Perkins, 1958) but in many cases 
of probable toxoplasmic choroiditis significant 
changes do not occur. In children, however, 
owing to the rarity of antibodies in normal chil- 
dren, a positive dye test can more confidently be 
related to a choroiditis. The positive dye test is 
accompanied in a proportion of cases by a 
positive C.F. test and we regard this as increasing 
the possibility that the eye condition is due to 
toxoplasma infection and as indicating that the 
infection is probably either active or has recently 
been active. Negative serology in an eye infec- 
tion is of course good evidence against a toxo- 
plasma infection. 

Although the complement-fixation test and the 
dye test are at present the only serological tests 
carried out regularly in the diagnosis of toxo- 
plasmosis, Jacobs and Lunde (1957) have devised 
a hemagglutination test using tanned red cells 
sensitized with toxoplasma antigen. This test 
also has technical difficulties but there is hope 
that it may prove more satisfactory than the dye 
test. Lunde and Jacobs (1958) have carried out 
a survey comparing these two tests and have 
found the results paralleling one another closely. 
Further observations on this test are needed. 
Skin testing. Frenkel (1948) showed that persons 
infected with toxoplasma developed skin sensitiv- 
ity to toxoplasma antigen. This appears to be a 
specific reaction and is practically always associ- 
ated with a positive dye test. However, patients 
with a positive dye test may have a negative skin 
test, and there is no correlation between the 
strengths of the two tests. The skin test is use- 
less in children under 2 years and gives a 
negative result in the early stage of an acute 
infection. Nevertheless the test may be valuable 
as a screening test when it is not practicable to do 
serological testing and, because large numbers of 
persons can be rapidly examined, for carrying out 
epidemiological surveys. 

Although laboratory tests may sometimes 
establish the diagnosis beyond doubt, we are left 
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with a number of cases in which the tests are only 
Suggestive and others, especially eye cases, in 
which a positive result leaves the diagnosis only 
a possibility but in which a negative result tends to 
exclude. At present the greatest needs on the 
diagnostic side are for simpler and more reliable 
methods of demonstrating the parasite, for a 
serological test as sensitive as the dye test but less 
exacting, and for a reliable method, apart from 
demonstrating changing titres, for distinguishing 
active disease from old or burnt-out infection. 
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THROUGH the past centuries, social conditions 
have improved gradually. Education has in- 
creased, medicine shown advances, and the 
expectation of life lengthened considerably. 
Whatever the conditions of the times, however, 
reproduction has gone on and families have been 
founded. My observations are on this country, 
and as it is likely that royal families throughout 
the centuries received the best care, attention, 
and social amenities available, I should like to 
concentrate mainly on them, and see how they 
fared through the years. 

I propose to exclude the present century, and 
some of the last, as the application of scientific 
knowledge to medicine, and to everyday life, has 
been so rapid and spectacular in the last hundred 
years or so, that the subject would be inexhaust- 
ible. It is, however, necessary to mention that 
the last century brought us antisepsis, asepsis 
and anesthetics. For the measure of popularity 
this last received, we owe a good deal to Queen 
Victoria. Anesthesia had been condemned for 
use in childbirth, as being unnatural and un- 
necessary, and in fact, quite amoral. The 
Queen's agreement to its use during her own 
confinements was, therefore, of great assistance 
to the obstetricians, as well as to the surgeons, 
who were so anxious to see anesthesia used 
universally and without prejudice, when and 
where necessary. 

Tanie 1.-HANOVERIANS 


Survivors 
to adult life 


Pregnancies 


Monarchs and their consorts and children 


George I and Sophia 2 children 2 
George II and Caroline 9 children 7 
George Ill and Charlotte 1S children 13 
George IV and Caroline 1 child 1 
William IV and Adelaide 1 premature 0 
1 premature 
stillbirth 


abortion 


Hanoverians (Table I) 
George I and his wife had only 2 children, 
partly from lack of opportunity, as the Queen 
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had been virtually imprisoned since the children 
were very young. This George, who cared little 
for England, came with no Queen, but his 
2 mistresses. 


His son and successor had married Caroline 
of Anspach. They had 9 children—2 died in 
infancy, and 7 survived their mother. In spite of 
this Queen’s devotion to learning, and attention 
to her husband and children, the Household 
must have been a strange one to live in. The 
parents disliked their eldest son, and doted on a 
younger, the eldest son returned his parents’ dis- 
like, and amongst the brothers and sisters there 
was little affection but a good deal of detestation 
and jealousy. The Queen, who had always 
taken a great interest in progress, heard of some 
successful inoculation against smallpox in 
Constantinople, and after satisfying herself that 
6 condemned criminals had been inoculated 
successfully in this country, she allowed 2 of the 
princesses to be treated similarly. A courageous 
move perhaps, but she was certainly a realist. 
On her deathbed, she begged the King to grant 
her wish and marry again. The King, scarcely 
able to speak for tears and sobs, murmured that 
he could never do that, then, after a pause added 
that he thought “perhaps a mistress or two 
instead”. The Queen smiled and said “Mon 
Dieu, the one doesn’t prevent the other”! At 
George II's death, his son Frederick Prince of 
Wales should have been king, but he died before 
his time. Known in the lampoons of the day as 
“Poor Fred”, he was generally unpopular, 
though a great sponsor of the arts. He was 
obstinate and thoughtless, as is shown by his 
determination not to accede to his parents 
request that their grandchild should be born at 
Hampton Court, where they were all in residence 
at the time it was due. As soon as his wife’s 
labour had begun, Frederick called his coach, 
and into it bundled the Princess of Wales, a 
Lady-in-Waiting, 2 female attendants, a versatile 
member of the Household who was Valet-de- 
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Chambre-Surgeon-Accoucheur, the Dancing 
Master, and several others. They drove furiously 
to St. James’s Palace, where nothing was ready, 
and a couple of tablecloths had to be found, 
aired, and used as sheets for the confinement 
which in due course took place. The 8 confine- 
ments which followed this were rather less 
spectacular, but family life here again lacked 
harmony, and the majority of the children 
married unhappily or unsatisfactorily. The 
eldest son, George, did not, however; he married 
Charlotte of Mecklenburg-Strelitz in 1761, and 
by the twenty-first year of their marriage they 
were the parents of 15 children. Although 13 of 
them lived to adult life, they were not nearly as 
successful as their parents had been in leaving 
legitimate descendants behind them. Of the 
married daughters, none had children, and of 
the unmarried ones 2 had children. The 7 sur- 
viving sons all married. The 4 youngest between 
them had 7 children, including the Duke of 
Kent’s daughter, Victoria. The 3 eldest had less 
success. The Prince Regent, afterwards George 
IV, had one daughter by his wife Caroline, the 
Princess Charlotte, and the story of her early 
death in childbirth has been ably told by Sir 
Eardley Holland (1951) in his paper “The Triple 
Tragedy”. Triple tragedy it certainly was in the 
death of first baby, then mother, then doctor, 
but not for England’s future. This stillborn baby 
had, it is true, a father with the Coburg stability, 
but it could scarcely have had 2 more unstable 
grandparents than the moody and emotional 
Prince Regent, and his wife Caroline, whose 
“‘unusualness” turned to eccentricity, and later to 
a form of madness. Certainly there had been 
much in her marriage to make her crazy, but the 
tendency was there, and came to the surface too 
easily. It would have been a sad alternative for 
this country to have had Charlotte or Charlotte’s 
child as monarch instead of Queen Victoria. 
The next son of George III having died childless, 
it fell to the lot of the third son to succeed to the 
throne as William IV and to produce the 
necessary heirs. Unfortunately his wife, Adelaide, 
had a most disappointing obstetric history. She 
had a premature baby which died the same day, 
a miscarriage, and a six-weeks-premature child 
which lived for three months when it died in a 
convulsive fit. So again there was no direct heir 
of the reigning king, and on his death, his niece, 
Victoria, became our Queen. The rather eccen- 
tric old William IV and his queen had had the 
welfare of their people at heart, and it was during 
their short reign that Hyde Park, and other royal 
parklands, were opened to the public. The 
previous Hanoverian couples and their families, 
however, although between them they had pro- 
duced a large quantity of children, seemed to be 
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found wanting. There was so little loyalty and 
harmony in the family circle, and so much petty 
jealousy, that it is not surprising that they did not 
present an ideal example to their subjects. The 
first George and the fourth were distinctly un- 
popular. The first one’s wife never came to 
England; the fourth’s was encouraged to stay 
out of it. The families of the second and third 
Georges were satisfactory in quantity, but not 
altogether in quality, and with a few exceptions 
were conspicuous for being self-centred, self- 
indulgent, and quite lacking in self-discipline. 
Although the question of obstetrics did come to 
the fore in the case of the Princess Charlotte and 
Queen Adelaide, perhaps the specialty which 
would have been of the greatest assistance to our 
Hanoverian Royal Families might have been the 
psychiatric one. 


Taare -Sruaris 
Survivors 
to approx 
Pregnancies 16 years 


Monarchs and their consorts and children and over 
James I and Anne 7 children 3 
premature 
stillbirth 
Charles I and Henrietta Maria 8 children 
Charles I] and Catherine 1 abortion 
James Il and Anne Hyde 8 children 
James Il and Mary of Modena 7 


William and Mary 0 


children 


Anne and Prince George 4 children 


3 stillbirths 


Stuarts (Table 1) 

A hundred and eleven years before these 
Hanoverians came to sit on the throne of 
England, their ancestor, James VI of Scotland, 
had just arrived in this country to rule as James I. 
His father being dead, and his mother imprisoned 
for years, he had been brought up in Stirling 
Castle by the Earl of Mar, and he seems to have 
started life badly. His nurse was a drunkard, and 
fed him on “‘vitiated’’ milk. He probably had 
rickets. Certainly he never walked until he was 
5 years old. Strangely enough his wife, Anne of 
Denmark, though she had a most excellent 
mother, never walked until she was 9 years old, 
but was always carried out in the arms of an 
attendant. In her case, once she learnt to walk 
she became perfectly normal, and famous for her 
agility and skill in dancing. Undoubtedly the 
medieval custom of binding infants, with their 
legs straight, and their arms strapped to their 
sides, must have been responsible for a good 
deal of damage in those days, and it is a custom 
which still prevailed in certain parts of this 
country until the beginning of the eighteenth 
century. King James and his Queen had 8 
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children. One died aged 18 of an intermittent 
fever, probably tuberculosis, 2 children died in 
early childhood, 2 in infancy, and | was premature 
and stillborn. Only 1 daughter, and 1 son, 
Charles, lived to a reasonable age. 

Charles | and Henrietta Maria also had 8 
children, but were a little more successful in 
keeping them, for a time at least. One died the day 
of its birth, another aged 4, and 2 more before 
they were out of their ‘teens, of either measles or 
smallpox. Of the 2 remaining sons, only James 
left behind him legitimate claimants to the 
throne. The elder son Charles had married 
Catherine of Braganza. She had no children, but 
at least 1 miscarriage, following which she almost 
died of a fever. She had a sore throat, some sort 
of rash, described as “‘spotted’’, and a very fast 
pulse. Between sleeping, she gargled, and this, 
we hope, did rather more good than the live 
pigeons cut in half and strapped to the soles of 
her feet to “draw out the poison”. She was 
light-headed for days, and the fever left her 
extremely deaf. One might assume, I think, that 
she had a streptococcal septicemia. 


As Charles had left no heir the crown passed 
to his brother James, who had already been 
married for the second time. His first wife reared 
only 2 of her 8 children, and his second wife, 
Mary of Modena, also had considerable difficulty 
in bringing up her family. The first child died at 
9 months, the second lived until she was 5, the 
third died in infancy from smallpox, and the 
fourth only lived for 8 weeks. Then James, after- 
wards the Pretender, was born. As the Queen 
had breast-fed her previous children, it was felt 
that it would be wise to feed this one by hand, 
and a diet of barley flour, water and sugar, with 
a few currants added, was chosen. The violent 
indigestion, colic, vomiting and convulsions 
which followed never struck anyone as having 
anything whatever to do with feeding, and it 
was some weeks later that the Queen herself 
decided that the diet was at fault, and a wet- 
nurse must be found. Two further pregnancies, 
one of the children surviving to adolescence, 
ends the story of this Queen’s efforts at raising 
a family—7 children, and only 2 alive. 


The next monarch, Mary, James’s daughter by 
his first wife, married, but had no children. She 
and her husband were joint rulers, so after her 
death he ruled alone, and at his death, James’s 
younger daughter Anne became Queen Regnant. 
Anne had for a long time been married to Prince 
George of Denmark, and had not had very happy 
results as far as founding a family was concerned. 
She had three stillborn children, then a son who 
was a hydrocephalic and lived to the age of 11, 
when he died of scarlet fever, then 3 more children 
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all of whom died within a few hours of their 
births. So Queen Anne, though she left a name 
marking an era greatly loved by people interested 
in architecture, furniture and the acquisition of 
works of art, left no heir. The Stuarts seem to 
have had a great deal of difficulty in rearing their 
not inconsiderable families. Although we know 
that tuberculosis was constantly about, that 
scarlet fever and measles were epidemic, that 
smallpox was a scourge of the times, and that in 
the seventeenth century, the terrible outbreak of 
bubonic plague swept over the country with 
disastrous results, these were by no means 
responsible for the constant repetition of live 
births of children who never reached adolescence. 
There had been the odd miscarriage, but out of 
the 38 children born to the 4 Stuart monarchs 
who had any family at all, only 10 survived to 
adult life. Only 4 had been stillborn, 3 had died 
of infectious diseases at 18 years of age and just 
under, but 21 out of the 38 had died in infancy or 
childhood. These children were all potential 
heirs to the throne of England, and every care 
and attention possible would have been lavished 
on them—perhaps too much. In any case, 
mortality was startlingly high, and although a 
public health authority might have been inter- 
ested in the infectious diseases, I am still struck 
by the pediatric angle here, and why, in this 
particular line of the House of Stuart, the 
survival rate was SO poor. 
Taste Tupors 

Pregnancies Survivors 

Monarchs and their consorts and children to adult lite 
Henry VII and Elizabeth of York 7 children a 

(died of puerperal fever) 


Henry VIII and Catherine of Aragon 2 children | 
2 stillbirths 
2 premature 
stillbirths 
Henry VIII and Anne Boleyn 1 child 1 
3 abortions 
Henry VIII and Jane Seymour (died 1 (possible 1 
of puerperal fever) Cesarean 
section) 
Henry VIII and Anne of Cleves 0 0 
Henry VIII and Catherine Howard 0 0 
Henry VU and Catherine Parr 0 0 
Mary | and Philip of Spain 0 (phantom i) 


pregnancies) 


Elizabeth | never married 


Tudors (Table III) 

Not very much more than a hundred years 
before James VI of Scotland had become James I 
of England, the Wars of the Roses had ended, 
and Henry Tudor had become Henry VII. He 
and his wife, Elizabeth of York, had 7 children. 
The eldest, Arthur, married Catherine of Aragon, 
and after his early death the young widow was 
betrothed to the second son Henry. One 
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daughter was married to the King of Scotland, 
and another to the King of France. Three other 
children had died in infancy, and the Queen died 
of puerperal fever, nine days after her last 
confinement. When the King himself died, his 
son Henry VIII reigned. Henry VIII, as we all 
know, had 6 wives, his first being Catherine of 
Aragon. A year after she was married to Henry 
she had a premature stillborn daughter, and the 
following year a son who died at 74 weeks. 
Two years later she had a third child, stillborn, 
and the next year yet another, but premature, 
stillbirth. Another year passed before she pro- 
duced her only child to survive, the Princess 
Mary, and | more stillbirth followed. Six children 
of whom only 1 survived. Catherine was able 
and intelligent, and one of the great victories 
over the Scots was won under her administration 
in her husband's absence. All the same, she had 
not produced a living prince, and the story of her 
divorce is too well known to mention here. 
Certain it is that Henry did not let grass grow 
under his feet on the question of begetting him- 
self an heir. He married Anne Boleyn as his 
second Queen in January 1533, and in the 
September of that year, after we understand a 
“very dangerous travail”, the Princess Elizabeth 
was born. Anne Boleyn fared no better than her 
predecessor, and apart from the one daughter, 
had, in three successive years, 3 miscarriages. 
Her execution was four months after the last of 
these, and again Henry wasted no time. He 
married Jane Seymour almost immediately, and 
after a good deal of anxiety on his part, and pre- 
sumably on the part of his Queen too, she was 
delivered on October 12, 1537, of a son, after- 
wards Edward VI. We know that her labour was 
difficult, and Henry's reputed remark about 
saving the child as he could always find another 
wife may or may not be true, but it is believed 
likely that she was delivered by Cesarean section 
by Dr. Owen, a one-time President of the Royal 
College of Physicians. What we do know is that 
she had to conform to the traditional lying-in 
before her confinement (she retired a month 
before) and that whatever she had gone through 
during labour, she had to be present at the 
christening. This was at night, three days after 
delivery. A large procession which was pre- 
ceded, and followed, by quantities of trumpeters, 
formed up in her bedroom, and she was carried 
along on a state pallet to the ceremony, which 
lasted for nearly three hours. Next day she felt 
indisposed. The next, she was seriously ill, and 
her death occurred on the twelfth day following 
her confinement, and quite certainly from puer- 
peral fever. Henry's three further ventures into 
matrimony ended in Anne of Cleves, his fourth 
wife, being divorced, Catherine Howard, his 
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fifth, being beheaded, and Catherine Parr, num- 
ber six, outliving him—but no more children. 
He had not had many illegitimate children, and 
in spite of 6 wives, his sum total of legal heirs 
was 3: Edward VI who died aged 16, Mary who 
reigned for five years (she had married Philip of 
Spain, but had had no children, though on 
numerous occasions she imagined herself to be 
pregnant) and Elizabeth who reigned until she 
was nearly 70, but had never married. 

Of the 3 Tudor monarchs who had married, 
only the 2 Henrys had children. Henry VII 
had had 7, 4 of whom survived, but his Queen 
had died of puerperal fever. Henry VIII had 
had his 6 wives, but only 3 had become pregnant, 
their total pregnancies amounting to I1 only. 
Of these 11, 3 survived childhood (though | only 
to the age of 16), one died very early in infancy, 
and 7 were stillbirths, premature stillbirths, or 
miscarriages. 2 of the 3 surviving children had 
been difficult labours (1 most likely having ended 
in Cesarean section) and | of his Queens also had 
died of puerperal fever. A satisfactory outcome 
of pregnancy appeared to be major obstacle in 
this family, and perhaps one might consider a 
history of congenital syphilis. There is, however, 
almost overwhelming evidence that this was not 
so. There were so many mothers, or would-be 
mothers involved, that one can dismiss toxemia 
as a general cause of the trouble, and the Rhesus 
factor, too, can hardly be blamed. Whatever 
the cause of the difficulties and setbacks in their 
struggle to produce living infants, it does sound 
as if some of these Queens were in need of skilled 
obstetric care, and it is of course, more than 
likely that the gaps in the knowledge of this 
specialty were largely the cause of the trouble. 
What particular gap it is hard to say, but perhaps 
an obstetrician interested in ante-natal care might 
have gone a long way towards preventing these 
tragedies. 

Tasie [V.—NorMANS AND Earty PLANTAGENETS 


Surviving 

Pregnancies to 
Monarchs and their consorts and children 
William I and Matilda of Flanders 
William II 


Henry I and Matilda of Scotland 


adolescence 
10 children 4 
Never married 


2 children 2 (one 


drowned 
in White 
Ship) 

Henry I and Adela of Louvain 0 0 
Stephen and Matilda of Boulogne. . 5 children 4 
Henry II and Eleanor of Acquitaine 8 children 7 
Richard I and Berengaria of Navarre 0 0 
John and Isabella of France § children 5 
Henry II and Eleanor of Provence 9 children 6 
Edward I and Eleanor of Castile 13 children 8 
Edward I and Marguerite of France 3 children 2 
Edward II and Isabella of France .. 4 children 4 


Edward III and Phillipa of Hainault 12 children 10 


| 


Vormans and Plantagenets (Table IV) 

Passing back over the Wars of the Roses and 
internal strife and struggle originating from the 
descendants of Edward III, we go to 1066 when 
William the Conqueror came over here. William 
was the first of the 4 Norman Kings, and he had 
married Matilda of Flanders. This most able, 
energetic and learned Queen spent some of her 
time in England, and some in Normandy, moving 
about with her husband, except on those occa- 
sions when William left her to govern in his 
absence. During her busy life Matilda managed 
to bring up quite a sizable family. Nine months 
after her marriage her first son was born, and 
he was followed in fairly quick succession by 3 
more sons and 6 daughters. A total of 10 
children, all of whom survived to adult life, with 
the exception of | who died late in childhood, 
possibly it is thought of malaria, a disease which 
flourished in the low-lying parts of the country. 
After the batchelor King, William Hl, another 
and younger son of William the Conqueror 
became Henry |. Henry had married Matilda 
of Scotland, and by her he had 2 children—a 
small family in those days. It is interesting that, 
prior to his marriage, Henry had had a large 
selection of illegitimate children (he owned to 20 
at least), then 2 by his first wife, and none by his 
second wife Adela. She, however, eventually 
married again, and had, according to the 
Chroniclers, “numerous progeny”, of whom 7 at 
least survived and are recorded by name. The 
next king, Stephen, had also married a Matilda. 
She was Matilda of Boulogne, and they had 5 
children, of whom 1 died in early childhood. 
She too had a very busy and responsible time 
during her husband's absences, and she was fre- 
quently left in charge whilst he was away fighting 
the Empress Maud, who was trying to win the 
English Crown. We understand that all these 
Norman royal wives were pleasing in appearance 
and character. They were devoted wives and 
wielded considerable power in the country, 
besides having a sound and practical knowledge 
of the running of a household and estate, and 
during times of war were themselves frequently 
responsible for the care of the sick and wounded. 

The first Plantagenet King was Henry II. His 
wife was Eleanor of Acquitaine, a Princess of 
Provence, who was an extremely intelligent 
young woman, well versed in the arts, especially 
music and poetry. She had been married to the 
King of France, and had had two children. She 
said that her husband was more Saint than man 
and, having set eyes on Geoffrey of Anjou and 
his son Henry, she demanded a divorce from the 
Pope on the grounds of consanguinity (she was 
a fourth cousin), and as soon as this was granted 
she married Henry of England, when she was 
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31, and he was 19. By him she had 5 sons and 
3 daughters. One died at the age of 4, but the 
rest survived, 2 to become kings of England. 
This Queen who had provided the King of 
France with 2 children, and the King of England 
with 8, also found time to travel both at home 
and abroad, and besides journeying around 
England and France had visited Palestine and 
Constantinople. She was virtually ruling England 
at the time of Richard Coeur de Lion’s death, 
and remained active and energetic until she 
took the veil two years before her death at the 
age of 81. As her son Richard and his wife had 
no children, the crown passed to a younger son, 
John, who at the age of 32, had married a 16- 
year-old French Princess. Their 5 children all 
survived to adult life, the eldest son, Henry 
succeeding his father on the throne. Henry III 
had married another Provencal Princess, Eleanor, 
and their 9 children all survived infancy, though 
3 died during childhood. These Provengal 
Queens kept up a high standard of elegance, and 
were patrons of the arts, and King Henry III was 
especially interested in architecture, his palace 
being the first royal residence to have glass 
windows. When the time came for a bride to be 
selected for their eldest son Edward, the King 
and Queen themselves set off for Bordeaux, and 
from there the Queen went on alone to Spain, 
and in due course brought back the 10-year-old 
Princess Eleanor of Castile. This small Princess 
and her husband lived for a time in Bordeaux, 
then after returning to England, set out on a 
Crusade. Eleanor was with her husband in 
Syria and Palestine, then after visiting her mother 
in Spain, returned to this country via Sicily, 
Rome and France. Three of their 13 children 
were born during this trip. The Queen herself died 
during one of her journeys round England, and 
her sorrowing husband ordered a Cross to be 
erected to the memory of his ““Chére Reine’, at 
each resting place on the route to Westminster; 
in Charing Cross, the name is still remembered. 
Fight children survived their mother. The King 
at the age of 60 married as his second wife 
Marguerite of France, who was 16 years old. 
After his death, his son Edward became King, 
and the story of Edward II's favourites, and his 
wife’s infatuation for Roger Mortimer is a well- 
known one. The most important of the 4 
children of this marriage was another Edward, 
Edward III who, with his wife Phillipa, provided 
through their descendants those future claimants 
for the throne, and the rivalry which ended in 
the Wars of the Roses. Queen Phillipa had 
married when she was 16, and 10 of her 12 
children reached adult life. Here was another 
wise and industrious woman. Like Catherine of 
Aragon, she was responsible for an army which 
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defeated the Scots. On hearing that the King of 
Scotland had crossed the border, she rode to 
Newcastle, rode amongst the troops, waited for 
the successful issue of the battle of Neville’s 
Cross, and the capture of the King of Scotland, 
then rode to the coast, and crossed to Calais to 
join her husband. 


Looking back at the Norman and early 
Plantagenet Kings and Queens, one notices that 
a number of them had large families, and there 
were comparatively few infant deaths. They 
seemed to become pregnant, carry on with their 
busy lives, make long journeys lasting for some 
weeks, or a year or two, produce their children, 
attend to their education, and visit their various 
homes and estates. The expectation of life as 
long ago as the eleventh, twelfth and thirteenth 
centuries was poor, but in spite of this the royal 
families seemed to thrive surprisingly well. The 
Hanoverians, apart from visiting their native 
Germany, travelled very little, and were singu- 
larly lacking in a number of the better qualities. 
The Stuarts had married their wives from 
Denmark, France, Portugal and Italy, but 
apart from journeys into enforced exile had not 
themselves been conspicuous for journeying 
abroad. The Tudors had taken a real interest 
in their people (assuming they were of the right 
religion), and did move amongst them on their 
royal progresses around England, but they were 
not particularly unselfish, and the commoners 
whose homes were honoured by these royal 
visits were expected to put a great deal of their 
wealth into preparing sumptuous and_ lavish 
hospitality. Reverting again to the earlier royal 
families—I personally have a very real admira- 
tion for their Queens. They were well educated, 
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interested in affairs of State, had a high sense of 
duty, and nearly all proved themselves to be most 
capable as wives, mothers and administrators. 
It seems to me that for sheer devotion to duty. 
natural acceptance of family life, contact with 
their peoples both at home and abroad, for 
enterprise, adaptability, and readiness to give so 
much of their lives in journeys by which they 
hoped to benefit their country, the Norman and 
early Plantagenent Queens, and their husbands. 
have, throughout history, never been equalled. 
far less surpassed, until we come to those 
descendants of Queen Victoria who are our 
ruling house to-day. 
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THe lack of an agreed classification of mental 
disorders has proved a serious obstacle to pro- 
gress in psychiatry. It has made it impossible to 
draw valid comparisons between results of treat- 
ment carried out in different places, and is im- 
peding epidemiological research. Dissatisfaction 
tbout the chaotic state of psychiatric classification 
has become quite general recently and has been 
voiced by all schools of thought. The World 
Health Organization took the initiative and, as a 
first step, appointed a temporary consultant with 
the task of carrying out a comparative study of 
classifications used in psychiatry to-day. His 
report was to form the basis of an attempt at 
establishing an agreed international classification 
of mental disorders. This had been tried before 
but had failed. It was part of the consultant's 
task to examine the reasons for that failure. The 
speaker was invited to undertake this study. No 
attempt was made to carry out a complete survey. 
The aim was to investigate present trends in 
psychiatric classification used for clinical, statis- 
tical and research purposes. In some countries 
no registration of psychiatric morbidity had, at 
the time of the enquiry, been carried out, while 
in others it was done very thoroughly. In several 
countries committees concerned with 
classification and aiming at establishing uniform- 
ity within their national boundaries were at work. 
58 classifications were collected. They were 
divided into two groups: (1) Those which had 
been used or recommended for use by public 
health authorities or learned societies, i.e. the 
official, semi-official or national classifications. 
(2) Those used only regionally or locally. 
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The International Statistical Classification of 
Diseases, Injuries and Causes of Death (1.C.D.) 
issued by WHO was recommended for use by all 
member states. However, the part relevant to 
psychiatry, Section V, failed to find general 
acceptance and was adopted only in Finland, 
New Zealand, Peru, Thailand and in this country. 
It differs from all other classifications by not 
presenting all mental disorders together. Some 
are listed in the context of other sections. For 
instance, puerperal psychosis is listed among the 
complications of the puerperium, general para- 
lysis under syphilis, &c. 


The American Psychiatric Association devel- 
oped a classification of their own, the so-called 
A.P.A. Standard Classification (1952). Part of 
the nomenclature used in this classification was 
new. However, it cannot have had an easy 
passage either, because it has so far failed to be 
adopted by the State of New York which, from 
the point of view of psychiatric statistics, is the 
most important state of the Union. Unlike 
Section V of the I.C.D., the Standard Classifica- 
tion covers all psychiatric conditicns. The users 
of this classification are greatly assisted by the 
“Diagnostic and Statistical Manual” issued by 
the American Psychiatric Association. This 
Manual contains a glossary of psychiatric terms. 
Thus the A.P.A. classification is better docu- 
mented than any other. Its adoption by some 
other countries of the Western Hemisphere has 
been under consideration for some time. The 
American Standard Classification uses etiology as 
the guiding criterion. Psychogenic etiological 
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factors are accorded equal status with organic 
causes. The first section includes all psychiatric 
disorders in which an impairment of brain 
function can be assumed, however transient and 
of whatever origin. Although the involvement 
of the brain may be trivial and quite accidental to 
the main physical illness, it qualifies for inclusion 
into this section of “brain syndromes” which 
comprises all organic psychiatric conditions rang- 
ing from a state of slight alcohol intoxication to 
Alzheimer’s disease and amaurotic idiocy. The 
logical advantages of this arrangement are 
obvious, though it resulted in the breaking up of 
traditional clinical groups of mental disorders. 
There was little left of mental deficiency outside 
the section of brain disorders, and of the psy- 
choses only the schizophrenic and = manic- 
depressive reaction types remained as a separate 
group. The section concerning psychotic dis- 
orders on the whole follows the conventional 
pattern. The term involutional depression was 
replaced by “involutional psychotic reaction”. 
There is a so-called psychotic depressive reaction 
which is not referred to in the I.C.D. The 
section entitled “*psycho-physiological autonomic 
and visceral disorders” contains many neurotic 
states with physical symptoms. The term hysteria 
was abandoned. The most controversial section 
is that concerning personality disorders which are 
divided into four subsections—personality pat- 
tern disturbance (e.g. schizoid personality); 
personality trait disturbance such as compulsive 
or aggressive personality; sociopathic personality 
disturbance including the antisocial, the perverts 
and the addicts; and, fourthly, a miscellaneous 
group containing special disabilities such as 
speech disturbance, &c. The glossary is helpful 
but sometimes ambiguous. It does not, for 
instance, give clear guidance about the classifica- 
tion of paranoid psychoses. 


The Canadian Classification is a shortened 
version of the L.C.D. The number of categories 
of the psychiatric section of the 1.C.D. has been 
reduced by 4. The French Standard Classifica- 
tion follows on the whole the classification of 
Kraepelin, with an even stronger emphasis on 
clinical symptomatology. In Germany a variety 
of classifications are in use. The older ones have 
no independent section for the neuroses which 
are included in the two categories of psycho- 
pathic personalities and abnormal reactions. 
However, in the more recent classifications the 
neuroses again figure as independent categories. 
Japan has, in matters psychiatric, remained under 
German influence. The classifications in use in 
the Scandinavian countries are of particular 
interest as Scandinavian psychiatrists have given 
the problem of classification and diagnosis a 
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great deal of thought. Their orientation is 
frankly symptomatological. A special feature is 
the emphasis on psychogenic psychoses and be- 
haviour disorders. In Switzerland and Portugal! 
a shortened version of the French Standard 
Classification is used. The classifications used in 
the Soviet Union are based on classical European 
nosology to which Pavlovian concepts are 
applied. It is noteworthy that anxiety neurosis 
does not figure among their clinical categories. 
In the concept of psychogenesis of the Russian 
authors, “traumatism™ rather than conflict 1s 
assumed to be the pathogenic factor. Hereditary 
factors are accorded relatively little importance. 
The basic approach is neurological and neuro- 
physiological. 


Among the seventeen sections of the I.C.D., 
Section V is the only one which has been almost 
generally rejected. The speaker made it his task 
to investigate why it met with such a poor recep- 
tion. He also tried to find out how it had been 
working where it had been in use. A great varicts 
of critical comments were received from organiza- 
tions and individual psychiatrists. One of the 
most common complaints was lack of compre- 
hensiveness. Psychiatrists resented having to go 
outside Section V to classify common psychiatric 
conditions. Scandinavian colleagues criticized 
the absence of the category of psychogenic 
psychoses and of other concepts they regarded as 
important. Others found it unwieldy and too 
complicated. Henry Ey called it incoherent and 
inconsistent with regard to basic principles. In 
his view, most classifications in current use were 
mere enumerations and nomenclatures. It must 
be admitted that Section V of the LC.D. has 
many irritating features. It is headed **Mentai. 
Psychoneurotic and Personality Disorders”. 
**Mental” in this context means psychotic, surely 
a blatant terminological anachronism. Some 
categories are too inclusive and lack subclassifica- 
tions. The subclasses of the categories of 
personality disorders have been criticized for not 
being mutually exclusive. Child psychiatrists 
have felt that Section V of the I.C.D. served their 
requirements very inadequately. 


Section V of the I.C.D. has been used in this 
country since 1948. This provided an opportunity 
for obtaining the views of some of those who 
worked with this system and also for examining 
its potential usefulness for the research worker. 
The data obtained with the help of this classifica- 
tion show many bewildering discrepancies. For 
instance, in 1949 the diagnosis of paranoid 
psychosis was made in the Manchester Region 
only 14 times among 3.212 admissions, while 
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in other regions with approximately the same 
number of admissions, it was made 74, 82, 100 
and 125 times respectively. There were similar dis- 
crepancies in other categories and some were very 
little used. Obviously, the 1.C.D. had failed in 
its purpose of recording relevant data reliably. 
There were at least two reasons for this: first, the 
system had been only partly accepted by those 
who had to provide the data, and secondly, there 
was insufficient agreement about the meaning 
and scope of the categories. Unfortunately, the 
recommendation of the 1950 WHO Expert Com- 
mittee on Mental Health, that a glossary of 
descriptive definitions of Section V should be 
compiled, has never been implemented. The 
1955 Revision brought some slight modifications 
in the categories concerning mental deficiency 
only. It became clear from the enquiries that 
the existing [.C.D. had no prospects of being 
generally accepted in its present form as far as 
psychiatry was concerned. The same applies, 
for other reasons, to the American Standard 
Classification. 


Principles of classification.—A_ classification 
divides a given set or class of objects into sub- 
classes which should be mutually exclusive and 
jointly exhaustive. In medicine there has been a 
gradual development from a symptomatcological 
to an etiological emphasis. In psychiatry, the 
application of the principles underlying classifica- 
tion meets with difficulties, owing to the lack of 
objectively verifiable concepts. The material the 
psychiatrist has to classify consists neither of 
disease entities in the strict sense, nor of people, 
but of a variety of disorders or reactions some of 
which are not mutually exclusive. There is much 
to be said in favour of operational definitions in 
psychiatry. i.e. definitions based on agreed 
criteria and used for specific purposes such as 
classification. In fact, many of the present 
nosological concepts are no more than opera- 
tional definitions. Schizophrenia, then, as an 
operational concept, would not be an illness, i.e. 
a biological reality with which it would be wrong 
to tamper, but an agreed operational definition 
for certain types of abnormal behaviour. The 
same applies to such concepts as psychopathy, &c. 
From the point of view of classification, therefore, 
the question would not be what schizophrenia or 
psychopathy are, but in what meaning those 
concepts should be used for the purpose of diag- 
nosis and classification, i.e. for the purpose of 
communication. Those who find it difficult to 
accept this frankly utilitarian attitude to psychi- 
atric classification can be referred to Kraepelin’s 
comments to the last version of his classification; 
“IT want to emphasize that some of the clinical 
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pictures outlined are no more than attempts at 
presenting part of the material observed in a 
communicable form’’. 


What have been the criteria, or principles, or 
dimensions, or axes underlying psychiatric 
classifications? Kraepelin’s orientation has been 
described as one of empirical dualism. He com- 
bined cerebral pathology with psychopathology. 
His broad division of mental disorders into 
organic, probably organic and/or constitutional, 
and psychogenic, is still a basic feature of most 
classifications to-day. It did not occur to 
Kraepelin that psychogenic zxtiology disqualified 
from membership of the class of mental dis- 
orders. This is the characteristic feature of Kurt 
Schneider’s broad division of the material. To 
that author the concept of illness applies only 
where organic changes exist or can be postulated 
with confidence. Other mental disorders are 
only abnormal varieties of sane mental life. 
According to Schneider, there are no neuroses 
but only neurotics. The concept of neurosis as 
a psychopathic reaction had a considerable influ- 
ence on psychiatric theory and practice in 
Germany. 


Adolf Meyer's classification followed from his 
concept of mental disorder which was fundamen- 
tally psychopathological. Kleist’s system is 
consistently ztiological. The schizophrenias are 
classified with the cerebral degenerative diseases: 
the neuroses are cerebral dysfunctions, with 
psychogenic factors playing only a secondary role. 
Leonhard’s classification of the endogenous psy- 
choses follows the same line. Henry Ey’s classifica- 
tion is fundamentally psychopathological, with a 
psychophysiological bias and an existentialist 
philosophy. He views mental disorders as mani- 
festations of disturbances of two variables, the 
level of consciousness and the functioning of the 
personality. The first group, disturbances of 
consciousness, includes all acute psychoses in- 
cluding manic-depressive attacks, while the rest 
forms the second group. The scheme is very 
clear and logical, but some of it is at variance with 
clinical realities. There is no representative 
psychoanalytical classification, though Menninger 
has revived the old unitary concept of mental 
illness. To him the various mental disorders 
differ only by the degree of regression of mental 
functions. In many classifications, consistency 
is maintained by the postulation of a certain type 
of etiology, e.g. of an organic cause for schizo- 
phrenia. The kind of etiology implied in 
these classifications is that of a single causality 
which is by many regarded as inapplicable in 
psychiatry. 
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There are considerable differences in the classi- 
fication of paranoid reactions. Only a minority 
of the classifications have the category of in- 
volutional depression. It is needless to say that 
the discrepancies are most serious in the cate- 
gories of the neuroses and personality disorders. 


Differences of opinion about the relative weight 
of xtiological factors singled out as criteria for 
definition are responsible for a number of 
divergencies. The question whether psycho- 
genic psychoses should be given the status of an 
independent category is a case in point. Sucha 
category is likely to be opposed by the organicist, 
who would accord psychogenic factors only a 
minor role in the etiology of the psychoses, as 
well as by the psychodynamically oriented 
psychiatrist. The latter would argue that such a 
category implies the absence of psychogenic 
factors in the etiology of the psychoses not 
termed psychogenic. Similar differences of basic 
concepts enter into the question of the relation- 
ship between the neuroses and the psychopathies. 
A small number of classifications attempt to 
classify along two axes, i.e. the clinical and the 
etiological, at the same time. 


It may well be asked whether, in view of the 
existing difficulties and the failure of the I.C.D. to 
find general acceptance in psychiatry, any other 
classification would have prospects of success at 
the present time. In answer to this question, it 
can be stated that there has never been as strong 
a demand for an international classification of 
mental disorders as there is to-day. However, it 
still remains to be proved that psychiatrists are 
willing to adopt such a classification at the price 
of some inconvenience and concessions. 


Those concerned with devising an international 
psychiatric statistical classification will have to 
make up their minds about two problems: (1) Is 
it essential for an international psychiatric classi- 
fication to be preceded by, or even be the out- 
come of a generally accepted international 
psychiatric nomenclature? (2) Is it essential for 
such a classification to be preceded by an agree- 
ment on basic diagnostic concepts ? 


Desirable though the adoption of a common 
nomenclature might appear, such an agreement 
is not an essential prerequisite for a practicable 
and generally acceptable classification. Prob- 
ably considerations concerning nomenclature 
have in the past interfered unduly with the re- 
quirements of classification. The difference 


between a statistical classification and a nomen- 
clature tends to be overlooked. A nomenclature, 
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being a list of approved terms for describing and 
recording observations, has to be extensive and 
unlimited in scope and detail to allow for the 
faithful recording of the manifold individual 
variations of ill-health. A statistical classifica- 
tion, on the other hand, is concerned with groups 
of conditions whose peculiarities have to be fitted 
within a limited number of categories chosen for 
their usefulness for the numerical study of dis- 
orders. The functions of a nomenclature and of 
a Statistical classification are, therefore, in some 
respects opposed to each other. It is even con- 
ceivable that a statistical classification would 
dispense with nosological terms altogether and 
use numerical or other symbols. However, there 
is no need for such a device. There exists 
sufficient agreement on basic terminology for a 
generally acceptable classification of mental dis- 
orders to be drawn up. Possibly such an agree- 
ment may prepare the ground for a common 
nomenclature. But the latter would be a much 
more ambitious and complex undertaking than a 
classification which would have to be a relatively 
simple instrument of communication. It may 
even be argued that a generally adopted detailed 
psychiatric nomenclature may at the present 
time have an inhibiting effect on psychiatric 
thought. 


The second question concerns agreement on 
diagnostic concepts. The view has often been 
expressed that the lack of such an agreement is 
bound to defeat the purpose of any national! or 
international classification. Comparability of 
diagnostic data presents a serious problem in 
psychiatry. The reliability of diagnosis has been 
found to be very low in many areas of psychiatric 
morbidity. Some investigators, however, have 
found a surprisingly high reliability, especially 
where psychiatrists shared a similar orientation. 
Psychiatrists have for some time paid too little 
attention to their diagnostic concepts which often 
differ considerably, even among members of the 
same institute, without their being aware of it. 
If, for instance, some psychiatrists regard recovery 
as incompatible with the diagnosis of schizo- 
phrenia and others do not hold this view, and if 
they have failed to make it clear to each other 
that their diagnostic concepts differ fundament- 
ally, how can they be expected to agree? But 
apart from these difficulties, which could be con- 
siderably reduced, the reliability of psychiatric 
diagnosis will remain limited in those categories 
where no objective criteria can be employed. 
However, these difficulties can be overstated. The 
adoption of operational definitions should go 
some way towards reducing disagreements on 
diagnosis. I believe that no explicit agreement on 
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diagnostic concepts is necessary, provided that 
the existence of different concepts is recognized 
and guarded against, and provided that opera- 
tional definitions are adopted for the purpose of 
classification. A statistical classification of mental 
disorders, to be acceptable internationally, will 
have to avoid the impression that it aims at 
influencing psychiatrists all over the world along 
certain lines which many of them may not wish to 
follow. The requirement of neutrality in the 
controversies between various schools of thought 
imposes considerable limitations on an inter- 
national classification. It has to be based on 
points of established agreement. This is why 
it cannot be ahead of its time. It can at present 
be no more than a tool of communication for a 
limited range of data such as the incidence and 
prevalence of certain mental disorders. There is 
no reason why an _ international psychiatric 
classification should not coexist with regional or 
local classifications, many of which have valuable 
functions in research and administration. Such 
classifications may stimulate the study into new 
relationships and thus advance knowledge. The 
only proviso would be their easy convertibility 
into the international system. That this is prac- 
ticable has already been proved. A _ glossary 
with operational definitions of the various 
categories would have to be available from the 
beginning. 


It has often been said that a classification has 
above all to be consistent with regard to the 
criteria of differentiation. Such a demand is 
unreasonable at the present state of psychiatry. 
No psychiatric classification can help reflecting 
the patchiness of our knowledge. It will have to 
be partly etiological and partly symptomato- 
logical, because these are the criteria by which 
psychiatrists distinguish mental disorders from 
each other. No classification can meet every 
criticism, but even the best cannot serve its func- 
tion unless all those participating in its applica- 
tion know it and want to make it work. It is 
essential that the psychiatrists supplying the 
diagnostic data should be familiar with the 
statistical classification in use and with its pur- 
pose. This is the exception rather than the rule 
to-day. Many psychiatrists seem unaware that 
their diagnoses are more than private observa- 
tions concerning only themselves and _ their 
patients. 


One of the recurrent criticisms of the I.C.D. 
and similar classifications has been the lack of 
provision for the recording of diagnostic formu- 
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lations. The same difficulties exist in other 
fields of morbidity and it is doubtful whether a 
Statistical classification which could serve this 
purpose can be designed at present. The 1.C.D. 
provides for related and unrelated additional 
diagnoses. Classifications which allow for the 
recording of two or more dimensions have been 
recommended, but no information about the use 
of such systems has so far been available. Those 
concerned with the revision of the I.C.D. will be 
well advised to make Section V comprehensive. 
Theoretical objections against such a change are 
far outweighed by the practical disadvantages of 
the present arrangement. The question how 
agreement on a drastic revision of Section \V 
could be reached, is under active consideration. 
It will be necessary for suitable proposals to be 
submitted in good time before the next Revision 
Conference in 1962. It may be advantageous if 
pilot studies with alternative classifications 
thought to be suitable for international use were 
undertaken before final recommendations were 
made. Agreement will be reached if the advant- 
ages of an international psychiatric classification 
are generally recognized, if it is realized that a 
classification is not the embodiment of scientific 
truth but a code for practical use, and if it is 
understood that such a code can perfectly well 
coexist with other systems of classifications 
serving specialized purposes. It is hoped that in 
a few years’ time there will be an international 
psychiatric classification which will enable 
psychiatrists to communicate with each other 
better than they can to-day. 
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DISCUSSION 


Miss Eileen Brooke (London): It was with con- 
siderable rejoicing that we at the General Regis- 
ter Office learned that Professor Stengel was 
making a survey of Classifications of Mental 
Disease. For ten years we have been struggling 
to make the International Classification work on 
diagnoses assigned to patients admitted to Mental 
Hospitals, and in other morbidity work. 


Statistical comparisons within and between 
countries, which have been very helpful in the 
study of other diseases, might help also in the 
study of mental disorder. But for this it is 
essential either that everyone should be calling the 
same thing by the same name, or, if differ- 
ent diagnostic terms are used, there should be 
exact correspondence between them. There are 
two places where differences may arise: in the 
diagnosis, or in the coding done in the statistical 
office. 


To test the efficiency of the coding an exercise 
was begun between Canada, England and the 
U.S.A. From the routine data, each country 
would select 200 consecutive but different diag- 
noses, and code them by the I.C.D., the A.P.A. 
classification and the Canadian abbreviation of 
the I.C.D. The results would then be collated, 
and show how much variation could be attributed 
to coding. It was also proposed to see if terms 
not covered by the classification in use in one’s 
own country could be coded by a different classi- 
fication. We carried out our part and the U.S.A. 
have now begun work on our list. In_ their 
hospitals all diagnoses not in the A.P.A. are 
referred back to the psychiatrist. 


However, the A.P.A. classification gives 
corresponding code equivalents in the IL.C.D. We 
coded the 200 diagnoses first by the I1.C.D., then 
independently by the A.P.A., and used the A.P.A. 
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4-digit categories 
Hospitals Diagnoses 
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equivalents to translate back to the I.C.D. In 
theory we should then have arrived back where 
we started. In practice, we got agreement in 84 
out of 205; just over 40°,. Counting only 3- 
digit categories for schizophrenia and manic- 
depressive reaction increased the agreement from 
40 to 


We next took the three subdivisions of Section 
V of the I.C.D.: psychoses, psychoneuroses and 
disorders of behaviour, character and intelligence. 
Of 107 originally in the psychoses group, 77 
(72°) returned there after their journey through 
the A.P.A. Of 39 psychoneuroses, 23 returned 
to the same group, 59°,, and of 30 in the B.C.I. 
group, 26 returned to the same group, 87°%. This 
suggests that whether the I.C.D. or the A.P.A. is 
used, classification into these three main cate- 
gories is not completely haphazard. Were it not 
for considerable confounding between 301, 
manic-depressive reaction and 314, reactive 
depression, agreement would be more substantial. 


A cohort study of what happens to a patient in 
the two calendar years following his date of first 
admission has shown two things of particular 
interest in relation to diagnoses. The curves for 
the percentage remaining alive and in hospital at 
three-monthly periods for schizophrenia and 
manic-depressive reaction behave in different 
ways, but for each disorder the curves for single 
and ever-married males and females behave in the 
same way. The same is true for the total per- 
centage time in hospital irrespective of the number 
of visits. This supports the contention that, on 
the whole, two different types of illness are being 
recognized and diagnosed. 


In the second half of 1955, 293 patients were 
admitted who each had 4 hospital admissions in 
the two years (Table I). Each patient could 
enter up to 4 different hospitals and was diag- 
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nosed 4 times. The period of two years might 
be expected to set some limit to the number of 
separate menta! diseases from which the patient 
could suffer. 


Using 4-digit categories where they occur, only 
25°. of those entering the same hospital retained 
the same diagnosis throughout; 43°, of all 
patients received two diagnoses. Using 3-digit 
categories for schizophrenia and manic-depressive 
reaction, 41°, entering the same hospital at each 
visit had the same diagnosis. The number with 
4 different diagnoses was reduced from 20 to 9. 


When we take the three broad groups of 
Section V, we find that, despite variations, 59°, 
remained in the psychotic group throughout. 
There were 48 patients consistently latelled manic 
depressives, and 39 schizophrenics, compared 
with 16 who alternated between these diagnoses. 
Only 5 patients out of 293 had diagnoses from all 
three groups. 


We intend to continue these studies to see, for 
example, how far the first diagnosis is confirmed 
by subsequent ones, and, as we push the survey 
period on to five, instead of two years, whether 
the variation increases or whether the diagnosis 
becomes stabilized. We are also anxious to see 
whether certain combinations of diagnoses recur, 
and if so, whether they are meaningful to the 
psychiatrist. 


Dr. Frank Fish (Edinburgh): Psychiatry to-day 
is roughly in the same position as general 
medicine was in the middle of the eighteenth 
century. The nosological differences in general 
medicine were not solved by arguments but by 
scientific investigations. The correlation of 
clinical findings with morbid anatomy was initi- 
ated by Morgagni in 1781. Psychiatry still awaits 
its neurophysiological Morgagni. 


A false contrast between psychodynamics and 
diagnosis is often made. This may be regarded 
as an expression of the antithesis between the 
individual as a unique person and as a member of 
a group. Thus Kierkegaard (1938), the manic- 
depressive founder of Existentialism, stressed the 
uniqueness of the individual and opposed the 
scientific study of the mind. 


The contrast between psychodynamics and 
diagnosis can be understood from another point 
of view. The psychodynamic psychotherapist 
finds that the diagnostic categories do not express 
the richness of morbid psychological events. The 
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clinical psychiatrist is contemptuous of his 
psychotherapeutic colleague’s neglect of basic 
common features of psychiatric syndromes. 
There is no real contrast between psychodynamics 
and diagnosis since both are necessary for the 
adequate handling of our patients. Often 
psychodynamic formulations are merely old 
diagnostic categories expressed in a new jargon. 
Freudian psychodynamic formulations have 
recently been restated in Heidegger's terminology 
(Binswanger, 1953, 1956). 


Despite criticisms of the unscientific nature of 
psychiatric classifications we still need such 
classifications as a framework for clinical work 
and for further investigation. The temporary 
nature of the framework must never be over- 
looked. 


My own interest in classification began with an 
interest in the clinical features of chronic schizo- 
phrenia. Kleist (1943, 1949; Fish, 1957a) and 
Leonhard (1936, 1957; Fish, 1958b) had des- 
cribed the clinical features of chronic schizo- 
phrenia in great detail and had classified the 
clinical pictures in a very exhaustive way. I 
found (Fish, 1957h, 1958a, b) that both these 
schemes were useful but that of Leonhard (1957) 
was more precise and easier to use. In the course 
of my work I found that the use of the ideas of 
Kleist and Leonhard increased my knowledge and 
understanding of chronic schizophrenics. | 
found, like these workers, that certain symptoms 
and signs are repeatedly found in any large group 
of schizophrenics. The presence of these symp- 
toms in chronic schizophrenics in Britain, France. 
Germany and Norway raises the question why 
such symptoms repeatedly occur independently of 
the culture as almost automatic phenomena. A 
neurophysiological, pharmacological and psycho- 


logical investigation of these symptoms ts 
needed. Astrup (1957, 1960) has, in fact. 
shown that results of certain physiological! 


tests differ in different Leonhard subgroups of 
schizophrenia. 


Leonhard’s scheme is very useful in any in- 
vestigation of chronic schizophrenics because it 
ensures careful examination and puts the results 
of such examination in a readily communicable 
form. Nevertheless despite its usefulness it 
could not be recommended as a part of a new 
international classification. These detailed special 
classifications have a part to play in research but 
when a new international classification is estab- 
lished we must all be prepared to use it as well as 
our favourite private classification so that a 
reasonable amount of information will be avail- 
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able to any worker acquainted with the inter- 
national classification. 


An agreed international classification will make 
interchange of results of investigations much 
easier and will bring about a badly needed inter- 
change of ideas between different national 
schools. An international classification will need 
an explanatory manual similar to the “Diagnostic 
and Statistical Manual of Mental Disorders” 
(1952) published by the A.P.A. Such a manual 
will define the various disease entities and corre- 
late them with diagnostic categories used in 
other classifications. Perhaps this diagnostic 
manual could be supplemented by reviews of the 
teachings of different schools of psychiatry in 
certain selected special fields in psychiatry where 
there is much disagreement. It is, | am afraid, 
too much to hope that this interchange and 
clarification of views might finally lead to an 
International Handbook of Psychiatry. 


| have been obliged to use the present Inter- 
national Classification of Diseases in psychiatry 
since 1952 and I have never found it to be satis- 
factory. The lack of adequate definition of the 
diagnostic categories is infuriating. The failure 
of this classification should not, however, be 
taken as a proof of the uselessness of all classifica- 
tion. Tam sure that a much more flexible and 
workable classification can be agreed on inter- 
nationally. 


Finally | would like to point out that we are 
faced with a paradoxical situation. An adequate 
psychiatric classification can only be based on 
etiology but we can only acquire knowledge of 
the etiology of psychiatric disorders by using a 
classification not based on etiology. No wonder 
Jaspers (1946) has said “All schemes of diagnosis 
must remain a torment for the investigator!” 
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Dr. Annis Gillie (London): 


Maturing involves ageing both in mind func- 
tions and in tissue changes. The critical and 
intellectual capacities, and degrees of adaptability, 
vary widely in elderly men and women. The 
degree of deterioration of mental ability varies in 
the amount of change from an_ individual's 
capacity at its best, and needs to be related to it. 
If age is to be contemplated as an active and 
satisfying phase of life, it is important to examine 
the circumstances that favour the retention of 
those qualities which will help to compensate for 
the inevitable process of degeneration. 


In the old Chinese civilization so recently 
ended, the aged were revered. An element of 
holiness surrounded them, and even senility was 
regarded as sagacity. These oldest members of 
the family were preparing to join their ancestors 
and were already honoured in life as they were 
about to be in death. 


In our Western civilization only rarely is value 
associated with old age. Homes no longer hold 
three or even four generations. The current 
attempts to deal with the older population have 
produced only a partial social solution, compli- 
cated by the drawbacks of the resulting segrega- 
tion. The majority of the young find little 
pleasure in the society of the aged, and old people 
are terribly aware of this and sensitive about it. 
As long as husband and wife are together loneli- 
ness 1s mitigated, and boredom for the woman is 
rare since she continues to use her domestic skills. 
The single old person, especially the widower, not 
only loses daily companionship, but the sense of 
being a part of society as well. For most ageing 
men and women this fear of uselessness and 
boring isolation is far more insistent than the fear 
of death, and it is in isolation that mental deterior- 
ation most rapidly occurs. However, where the 
social environment remains good (even if 
reduced to a society of two) any abrupt change in 
mental capacity or social behaviour is almost 
always the result of physical morbidity—a silent 
coronary attack, a mild cerebral episode, an 
undiagnosed neoplasm. The family doctor’s 
alertness in discriminating between these two 
groups is an important factor in the prognosis and 
rehabilitation of many elderly patients. 
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Problems of Ageing has devised methods for 
estimating some of the mental faculties that 
diminish with increased age. Memory is a com- 
plex process, involving the ability to understand 
something of what is to be remembered. This 
ability decreases with age. The surface retention 
of the fact to be remembered, displaceable at any 
age, is much more easily lost in the elderly 
especially if an activity, however trivial, comes 
between the memorizing and the need to recall the 
fact. In addition the very multiplicity of past 
memories seems to be unfavourable to the reten- 
tion of new ones. All of this diminishes the 
capacity for learning new skills. However, once 
the deeper layer of memory is used and the 
memories organized and codified (an active 
intellectual process) then retention can still be 
adequate and becomes an addition to the reserves 
of past years. 


Short-term memory is always involved in any 
practical activity and often has to be retained to 
be used at a later stage. The old person fills the 
kettle, puts it on the gas, goes to look for the 
matches and forgets that the gas was turned on. 
What is the telephone number that was looked up 
and is now being dialled? This short-term 
memory ts essential in many industrial processes 
and also at a higher intellectual level in manipula- 
ting acomplexity of data. 


Impaired short-term memory also interferes 
with the speed and accuracy of making complex 
movements of objects in space. This can be very 
far-reaching and emphasizes the importance of 
familiar and simple surroundings for the aged. 
Short-term memory impairment is evident in the 
experienced car driver who can deteriorate 
dangerously due to the difficulty of recalling and 
associating the facts observed while driving. This 
is an important factor when considering the trans- 
fer of an elderly industrial worker to lighter but 
unfamiliar work. Complicating and adding to 
this difficulty of memory is a slowing-down 
during the performance of a succession of move- 
ments. The delay apparently occurs at the point 
of change and is due to an increased physio- 
logical resting period. The switch-over involves 
a bigger lag in time as age advances and the lag 
increases with fatigue or any physical impairment. 
If the pace is forced the impulses may be blocked 
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altogether and result in a breakdown of activity. 
Diminished acuteness of the special senses is an 
additional drag. All this results in the obvious 
unsuitability of older people for any form of 
assembly work, however light and simple, where 
the maintenance of an average speed is 
essential. 

Any abrupt change of a regular activity or 
surroundings can interfere seriously with an old 
person’s capacity. Similarly, undue self-criti- 
cism and attempts to analyse or alter skills long 
established by routine may contribute to a 
breakdown. 

The touchy temper of ageing people has com- 
plex causes. Growing rigidity of habit and out- 
look can result in an intense distrust of change, 
especially in those whose lives have run along a 
confined path. With this is coupled the fear that 
change will be inevitable when independence 
decreases——although there is now less fear of 
poverty there is a terror of becoming institution- 
alized. The knowledge that almost 95°, of the 
aged in this country manage to live in their own or 
their relatives’ homes helps to reduce the develop- 
ment of this fear. Awareness of failing ability 
can result in resentment towards offers of help 
that draw attention to it, or in an access of self- 
pity when help is not forthcoming. Above all, 
loneliness and a feeling of being unwanted and, 
worst of all, not needed, can breed a brooding 
melancholy. 


If all this is on the debit side there are also 
compensations as life advances, especially in 
using the less measurable functions of the mind. 
Large reserves of latent cerebral function can be 
developed before old age advances. It is in 
middle age that opportunities need to be taken to 
stretch and activate the already ageing mind. A 
subsidiary and later an alternative line of work, 
or study of a language or a craft, which can be 
continued much longer than the hitherto all- 
demanding job, are important. People with a 
high level of education or skilled craftsmanship 
show least deterioration in old age—partly because 
of the extent of their intellectual and co-ordinated 
activities, and partly because their work is often 
independent of any arbitrarily set pace. 

Experience leads to the economy of both effort 
and performance. Tricks of easier function, 
whether mental or physical, however slowly 
acquired, can become automatic. The next move 
is planned in advance and strategy, deliberate or 
unconscious, can conceal diminishing capacity by 
reducing fatigue and clumsiness even with un- 
familiar work, provided the pace is not forced. 
The collating and retaining of memories make 
them more readily available. The deliberate 
exercise of mental reserves can lead to easier 
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storage and mobilization of memories and con- 
clusions through many years of the ageing 
process. At highest levels of intellect the con- 
clusions based on experience are more apparent 
as the perspective of past life lengthens and 
detachment of the self increases. Thought pro- 
cesses which precede the expression of a valuable 
opinion often appear to be telescoped in later 
years, partly as a result of practice, and partly 
from the use of strategy in assembling well- 
stored data. An example is the gift for success- 
ful spot diagnosis of some senior physicians. 

This very richness of experience is not without 
its drawbacks. In facing a new situation the 
abundance of experience and multiplicity of 
available responses may make selection difficult 
and result in further slowing. There is the 
serious risk, too, that previous success with a 
certain thought pattern may come to dominate 
even a very able mind and lead to limitation and 
rigidity. 

Selection is an art to be practised long 
before old age is reached. Selection of work 
that can be continued beyond the expected age of 
retirement may be one solution, selection of sub- 
sidiary interests to fill retirement more happily 
than the continuation of unsuitable work another. 
Methods of avoiding the overworking of short- 
term memory are nearly as vital. Selection of 
one’s own pace in performing unfamiliar tasks 
must be combined with the confidence that, given 
time, the pace will improve. The development 
of tricks and manceuvres to compensate for 
diminished sensory acuteness often requires skill 
and great determination. 


Often the family doctor is the only person with 
both the knowledge and the authority to indicate 
the need for planning a fundamental change. He 
is the one who can accurately assess the slow 
withdrawal of his patient and make constructive 
suggestions for the reorganization of his life. It 
is very difficult to rehabilitate an aged mind that 
has lost all appetite for life: it is relatively easy to 
redirect interests that have not dimmed 
appreciably. 


too 


Dr. T. N. Rudd (Southampton): 
Mental Supports in Old Age 

We are living in an age where more organized 
effort is being made than ever before to improve 
the welfare of old people. The high prevalence 
of senile mental changes is, therefore, all the more 
disturbing, suggesting that our intense social and 
economic efforts are quite inadequate to counter- 
balance the present-day “‘desocialization” of the 
elderly population. We have gained years of 
life at the expense of a valid position in society. 


3 Section of General Practice 


One hundred years ago, Robert Browning 
wrote “We live by admiration, love and praise”. 
We need, in other words, to obtain our satis- 
faction in life from human relationships rather 
than provisions for our physical needs. This is a 
disturbing thought to most people, as it is easier 
and more comfortable to increase pensions than 
have a human relationship with an_ older 
person. 


Throughout the productive phase of life, men 
and women obtain satisfaction from their 
capacity to earn, their professional or craft skills, 
their family relationships and their place in 
society. Financial success, the respect of the 
community and a happy home life are the am- 
bitions of the average individual. Failure in 
any one of these categories is often compensated 
for by increased strivings for success in the others. 
At the age of retirement, however, an entirely new 
situation develops. For certain individuals re- 
tirement even from spare-time occupations or 
hobbies at any age can present a difficult problem 
in adjustment. During the later years when 
retirement is obligatory, such adjustment becomes 
unusually difficult and is often coincident with 
other life-stresses. Work satisfactions are sudden- 
ly withdrawn, financial restrictions ensue, death 
often contracts the circle of family and friends, 
while the esteem the community accorded the 
“producer” is changed to an equivocal approach 
towards the “*non-contributor”. For many men 
retirement is the last straw breaking down an 
adjustment previously maintained only with 
difficulty: while good health and intact family 
relations may support a retiring man for a certain 
time, the disintegration of his personality has 
already begun. Women are in an easier position, 
in the sense that, for them, the battle of life goes 
on. They still have to make “‘both ends meet”, 
to provide and cook the food and keep their men 
contented. The woman’s primary role as house- 
wife thus remains intact even though her efficiency 
may have declined, and this may well be a funda- 
mental factor in preserving her from. senile 
dementia. 


The honouring of old age has markedly dis- 
appeared since we changed from a patriarchal 
civilization to one in which youth-values are 
unduly emphasized. In primitive tribes the aged 
maintained their hold on society in well- 
recognized ways. When cultural and religious 
attitudes failed to provide respect the old person 
could, and did, sell his experience and craft tech- 
nique for beasts or corn (Simmons, 1945). When 
all else failed, the ageing man’s very proximity to 
death invested him with considerable power for 
he was approaching another life from which he 
could effectively aid or harm those who were still 
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living. Unfortunately what was once the old man’s 


asset, age itself, is now his greatest liability. Age 
is no longer power: in a world of changing tech- 
niques, age is weakness, loss of respect, tolerance 
instead of honour. The fear of being a lonely, 
frustrated, dependent old person is very strong 
and has given rise to a little-recognized psycho- 
logical phenomenon of the greatest importance to 
our 

The psychological repression of unacceptable 
mental thoughts is a familiar one: it 1s also well 
known that such repressions can return to con- 
sciousness in a distorted form, affecting one’s 
conduct and attitude to life. Civilization creates 
many fears. The fear of old age is particularly 
intolerable to many people, and thus strongly 
repressed. It does, however, reappear in the 
attitude of disparagement of the aged, more often 
expressed indirectly than put into words. The 
result is a prejudice, often unreasonable, against 
old age and older people, against parents and 
parents-in-law, and against aged persons in hos- 
pital or in the community. The attitude also 
extends to the care of the aged sick and the prac- 
tice of geriatrics, with feelings of distaste and 
futility toward efforts to help the old. Com- 
pensation mechanisms ensue and it is at least 
possible that the prevalent over-concern with 
pensions is an expression of the hope that some- 
one else’s money will be an effective substitute for 
a personal duty to the old people in one’s own 
family and community. 

The real danger of elder-rejection is, however, 
the halt that it calls to the mature person’s 
preparations for growing old, with the result that 
one day he suddenly finds that his life has changed 
and he is quite unable to adapt to this new 
situation. 

The loss of his accustomed life satisfactions may 
come as a sudden blow to the unprepared newly- 
retired individual, and with it the realization that 
in rejecting old age he is himself being rejected. 
This can lead to an attitude of self-rejection, a 
dangerous surrendering to one’s environment. 
rather than the normal healthy pugnacious pro- 
tection of self-interests. Feelings of guilt at this 
stage may produce a sense of personal unworthi- 


ness. From this the advance into senile dementia 
can be traced (Linden, 1957). Self-esteem 


diminishes, psychological defences crumble, and 
conscious anxiety and intrapsychic terror develop. 
Withdrawal, psychotic regression and infantile 
defence mechanisms now complicate the picture 
and lead to the familiar state of apathy and dis- 
integration of the personality. 

If such cases are to be salvaged a vigorous 
approach in the early stages is mandatory, but 
real success lies in sound measures taken in the 
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pre-retirement age group. The basis of our 
approach, whether in hospital or in the home, is 
the restoration of self-esteem, the replacement of 
old satisfactions with new ones and a re- 
integration with the community, even when the 
community concerned is only the limited one of a 
hospital ward or an old person’s home. 


The integration of the individual into the com- 
munity is the main aim, and with this in view, the 
abolishment of such antisocial symptoms as 
urinary and fecal incontinence and senile con- 
fusion becomes doubly important. However, 
improvement of physical and mental health is 
only a step towards integration: the value of a 
healthy body is that it shall be able to “go places”, 
and such places are themselves only of value in 
promoting integration so long as they provide a 
sympathetic and helpful atmosphere. 
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Dr. E. Beresford Davies (Cambridge): 

The commonest psychiatric disorders among 
elderly patients are affective psychosis, con- 
fusional psychosis, and dementia. Analysis of 
mental hospital populations nowadays shows 
that about half the patients are likely to be over 
the age of 65; of these there are many more 
women than men. A certain number of these 
patients have been in hospital for a very long time. 
These are the survivors of schizophrenic ad- 
missions in the earlier part of their lives. The 
hospital environment evidently acts in a protec- 
tive manner, so that their longevity is increased. 
For the present they may be dismissed because 
they are seldom the responsibility of any authority 
other than the mental hospital. 


I would now like to turn to certain statistics, 
for which I am indebted to Dr. David Clark and 
Dr. R. A. Pargiter: they are based upon investiga- 
tions carried out at Fulbourn Hospital, in the 
Cambridge Psychiatric Service, between 1954 and 
the present time. Some of the inferences from 
these figures are my own. Fulbourn Hospital is 
one where the geriatric problem has caused a very 
considerable burden because the hospital has 
unusually severe overcrowding. In March 1959 
half of the women were over 60, and almost one- 
third over 70. Between October 1954 and 
January 1959 the admissions of patients over the 
age of 65 rose from 294° of the total hospital 
population to 35°,. This increase has been 
accounted for almost entirely by the admission of 
women. 


If we take the decade 1948 to 1958, the increase 
in annual admissions of patients over the age of 
65 is from 67 to 160. In the year November 1956 
to November 1957 there -were 87 admissions of 
persons over 70; of these 33 were discharged, 19 
died, and 35 remained in hospital. The diag- 
nostic classification of these 87 admissions was: 
mainly affective illness 33: mainly organic illness 
38; mixed 16. 


As one would expect, most of the patients dis- 
charged were in the first category, and most of 
those remaining in hospital were in the organic 
class. One of the most interesting points about 
this group of patients was the care they had 
received before they came into hospital. A 
striking differential in admissions expressed in 
rates per 10,000 of the population was shown. 
The closer the patient lived to the mental hospital 
the greater was his or her chance of being 
admitted there rather than somewhere else. The 
better the facilities for old people generally, the 
less likely they were to be admitted to the mental 
hospital. Proximity and convenience therefore 
may play a greater part in the admission of 
elderly patients to mental hospitals than purely 
medical considerations. As might be expected, 
patients with mainly affective illnesses tended to 
be admitted to the mental hospitals irrespective of 
their domicile, or the general facilities available 
for elderly patients. However, a large number in 
the mainly organic class, for whom undoubtedly 
other and better arrangements could have been 
made, were also admitted to the mental 
hospital. 


The care of the elderly in a mental hospital has 
been revolutionized in recent years. It is not at 
all uncommon to use electroplexy and, of course. 
the more modern drugs such as imipramine in 
patients over 80, with satisfactory results. In 
general these patients should not hive electro- 
plexy on an out-patient basis for, quite apart from 
the problem of providing home care, the addi- 
tional risks to the ambulatory patient rise very 
steeply after the age of 65. 

The most important drugs are chlorpromazine, 
the other promazines, perphenazine, and the 
mono-amine oxidase inhibitors. Pride of place 
must be given to chlorpromazine, for it was the 
first drug in this field and remains the most 
effective in certain conditions. I refer especially 
to the treatment of those states of excitement and 
agitation among the cyclothymic patients, and to 
paranoid ideas with their concomitant hostility 
and awkwardness in paraphrenic elderly patients. 
Chlorpromazine appears to act almost specifically 
in lowering the tension in these patients. Some- 
times the paranoid ideas disappear entirely; in 
other patients one sees the persistence of the 
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ideas, but without their sting and engendered 
hostility. 

Apart from this there are a surprising number 
of useful manipulations of the elderly patient 
which can be undertaken in hospital. Stimu- 
latory drugs such as amphetamine are sometimes 
useful, as well as insulin to improve metabolism; 
vitamin and glucose preparations in debilitated 
patients are most valuable. It is highly gratifying 
to see immediate, far-reaching change for the 
better in an elderly, depressed, retarded patient 
whose main illness is not primarily affective but 
secondary to debilitation. Effective metabolic 
treatment of these patients restores them within 
a few days to a state of activity they have not 
enjoyed for many years. 

The first principle of care is to free the patient 
from pain, whether mental or physical. It ts 
surprising how often pain may be present to a 
degree unsuspected by the doctors and nurses. 
This is particularly true of mental pain, under 
which heading | include depression, agitation or 
anxiety, very often in combination with con- 
fusion. The treatment of mental pain is a matter 
first of diagnosis, next of explanation, and third 
of appropriate medication. There are few 
psychiatric conditions of this kind which will not 
yield. at least to some extent, to medication. 


The next problem is that of interest and occupa- 
tion. Some patients are quite content with a 
mere existence; they ask nothing more than to 
pass the time as pleasantly as they can. I think 
there is a danger that an energetic young person 
may be over-enthusiastic in activating such 
patients, under the mistaken impression that they 
cannot be enjoying themselves unless they are 
active or creative. This in my opinion is to mis- 
take rehabilitation for management. At the 
same time there are many others who are dis- 
tressed by inactivity, and particularly by any 
feeling of uselessness. For those patients it is 
worth a great effort to give them something they 
can make or, if they belong to a higher level of 
society, something they can administer or 
organize. If an interest can be found, it ts 
astonishing to see the energy which such patients 
can profitably release. 

A third group of patients are those with 
phobias, anxieties, and compulsions to which 
they may have fallen a prey, with the loss of 
mental control due to the ageing process. This 
group is very difficult to manage, for they are 
usually so preoccupied with themselves that they 
cannot be persuaded to take part in any com- 
munal activity. Rather heavy sedation is usually 
necessary, and it is advisable to choose a nurse 
who will have a great deal of patience and be 
ready to accept a very small reward in return. 
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It is, however, a mistake to leave these patients on 
their own if it can possibly be avoided, because 
they nearly always degenerate further under such 
circumstances, and moreover, have an unsettling 
effect on those about them. 


There remain the group whose minds have 
failed to such an extent that it is kinder to keep 
them at as low a mental ebb as possible. These 
are usually people who have lived active, useful 
lives until the time of their illnesses. Very often 
they are much above the normal in initiative and 
intelligence. They find themselves in the terrible 
position of being unable to use their minds 
adequately, and yet sufficiently aware to know of 
their predicament. No form of medical treat- 
ment is really satisfactory for them. Attempts to 
stimulate the mind are nearly always a failure 
because such treatment is, in common language, 
flogging a dying horse. I think it is better to use 
really adequate doses of the tranquillizing and 
sedative drugs for such patients, and to take 
enough time to explain carefully to the relatives 
the need for what must appear to them to be the 
extinction of the personality they used to 
know. 


I have stressed the need to avoid over-stimula- 
tion of the aged person, though I do not suggest 
that we should go back to early mental hospital 
days when sedation of certain patients to a stage 
of apathy was regarded with satisfaction. I am 
rather advising caution in applying to elderly 
patients the urge to rehabilitation which devel- 
oped during the war. There are nevertheless 
many aged people who have one or two remain- 
ing interests. Provided the doctor and his co- 
workers take enough time to find out these 
interests, and they do not impose too great a 
strain on the patient, much can be done with them 
in a suitable community. It is of course far less 
easy to produce the appropriate activity in the 
patient's own home without the stimulus of 
common life with his fellows. Even if the patient 
has no very active interest he may sometimes be 
much entertained by sensory stimulation. Many 
years ago, Ranchin, of Montpellier, recommended 
music and singing, and this part of his advice can 
be followed with profit. To-day we can add 
visual enjoyment by television. 

I would like to add a final word about this 
problem of activity and entertainment. One of 
my patients, who was very fond of his pint was 
urged by me to broaden his interests and even 
take a little exercise every now and again. To 
this he replied “I appreciate your advice, doctor. 
It must be wonderful to know so much about 
health—but I think you will agree with me that as 
you look round you will see more old drunkards 
than old doctors.” 
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MEFTING AT THE NATIONAL Hospital FOR Nervous Diseases, QUEEN SQUARE, LONDON 
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Nogt-Koyanagi Syndrome. Dr. F. 
Rost (for Dr. Denis WILLIAMS). 

Three Cases of Familial Swelling of Optic Discs 
with Visual Failure. Dr. K. J. ZiekHa (for 
Dr. J. StcC. ELKINGTON). 

Raeder’s Syndrome (Paratrigeminal Paralysis of 
the Ocular Sympathetic). Dr. J. B. Foster 
(for Dr. J. MARSHALL). 

Glioma of the Optic Chiasm. — Dr. R. BROWN (for 

Mr. Harvey JACKSON). 
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THE NEUROLOGICAL COMPLICATIONS OF DIABETES 
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Neurological Complications of Diabetes Mellitus: 
Clinical Aspects 
By HuGH T.D., M.D., F.R.C.P. 


Introduction.-. According to the Papyrus Ebers, 
diabetes was known about 3,500 years ago, in 
the days of Moses, but the neurological compli- 
cations were probably not recognized until [864 
(Goodman er a/.. 1953: Joslin er al., 1959) when 
it was concluded that diabetes itself was neuro- 
genic, though this idea was soon abandoned. 

In 1959 the total picture of the neural 
complications of diabetes is confused and the 
many publications are contradictory. There 
may be several reasons for this confusion. 
Diabetes appears to be a very common disease 
in all races, and it has been estimated that there 
are 3 million diabetic patients in the United 
States (Joslin er al., 1959). In Great Britain 
there has been no extensive survey of the 
problem, but a careful study of a small com- 
munity (Walker, 1959a, /) has shown an incidence 
of about 1-3°,, in the population, and if this were 
true of the whole of Great Britain there would 
be about 650,000 such cases. The prevalence of 
neurological complications has been estimated at 
every figure from none to nearly 100°, (Goodman 
et al., 1953), but the general view is that about 
60°, of diabetics have such complications, which 
means about 400,000 in Great Britain. This 
must be compared with an estimated incidence 
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of about 30,000 examples of Parkinsonism or 
disseminated sclerosis at any given time (Garland, 
1952), and I think any clinical neurologist would 
find this high figure difficult to accept. Further, 
if the incidence of neurological complications of 
diabetes is 60°, or more it would seem that these 
syndromes are not really complications but are 
part of the total picture of diabetes, and perhaps 
as frequent as polyuria, polydipsia, or loss of 
weight. Before discussing the reasons for the 
very variable incidence claimed we must first 
approach the problem of terminology, which in 
this context (as is equally true of epilepsy or 
head injury) is now inadequate and often in- 
accurate. In the earlier writings most of the 
neurological accompaniments of diabetes seem 
to be included under the titles of polyneuritis or 
peripheral neuritis. In the next phase the term 
diabetic neuropathy was introduced, and clearly 
some workers, both past and present, have used 
this term to cover all neural involvement at any 
anatomical level (Goodman et al., 1953). By 
comparison with the terms encephalopathy, 
myelopathy, and myopathy, the use of “‘neuro- 
pathy” should be restricted to lesions of 
peripheral nerves. But here difficulties arise 
immediately; if the nerve roots are included as 
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part of the peripheral nerve then neuropathy 
must include lesions of posterior root ganglia, 
and if the sensory ganglion cells are to be included 
why not the motor? If motor or sensory ganglion 
damage is to be called neuronopathy this term 
will have to be qualified by the appropriate 
functions. If diabetic coma is excluded there 
seems to be no diabetic encephalopathy, either 
acute or chronic, and the incidence of strokes is 
probably not higher in diabetics than others, 
when allowance is made for age and hyper- 
tension (Joslin ef al., 1959). No acute form of 
diabetic myelopathy is known. 


Some authors include as neurological compli- 
cations of diabetes a variety of symptoms without 
physical signs of which the commonest is pain 

and it may be that such symptoms, which are 
easily reversed by diabetic control, are essentially 
neurogenic, but this is not proved. Others have 
added various isolated nerve palsies—I think 
incorrectly though these have never been 
claimed to be frequent, and in the past decade 
repeated references have been made to signs and 
symptoms said to result from diabetic degener- 
ation in autonomic nerve fibres, with or without 
involvement of medullated fibres. It is often 
impossible to tell from the name either of the 
author or of the journal whether published 
matertal is neurologically valid. 


Nearly all diabetics are under the care of 
general physicians, and many attend a diabetic 
clinic. Because such physicians often have no 
neurological training and little interest in 
neurology, they may, and do, overlook neuro- 
logical abnormalities in the diabetic, or, having 
found them, they may rightly label them as 
complications or wrongly attribute them to some 
other nosology. 

Muscle and nerve biopsies have been made 
over the years but the histological interpretation 
is likely to have been inaccurate in the past. 
Moreover the important methylene-blue vital 
staining technique for end-plates was only 
discovered seven or eight years ago and Is not 
applicable to post-mortem studies. © When 
changes are found in peripheral biopsy material 
we know nothing of what is happening in the 
ganglion the same time. Although 
diabetic damage may affect the whole neuron it 
has been suggested, on the basis of histology of 
specimens (Woolf and Matlins, 1957), 
that there is a “dying-back” process starting in 
the end-organ, which would explain’ why 
symptoms usually start in the periphery. Un- 
fortunately very few post-mortem studies seem 
to have been made of diabetics with neurological 
abnormalities, but in one very important report 
(Bosanquet and Henson, 1957) extensive degener- 
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ation in central and peripheral sensory pathways 
was thought to have started probably in root 
ganglion cells; although this patient was 70 
there was little histological evidence of arterial 
disease. Finally, it is generally agreed that most 
neurological syndromes are reversible and 
therefore they are rarely available for post- 
mortem study. For these and probably other 
reasons our knowledge is still sketchy and 
contradictory. 


Clinical Svndromes, Terminology and AEtiolog, 


Diabetic sensory neuropathy.— Much the com- 
monest neurological complication of diabetes is 
a purely sensory syndrome, comprising pain in 
the legs (often only nocturnal), muscle tenderness, 
loss of ankle-jerks, and loss of vibration sense 
in the feet and ankles. The signs and symptoms 
tend to spread upwards, other sensory modalities 
are involved later, and sometimes the arms may 
be affected. The syndrome is almost invariably 
bilateral and symmetrical, and commoner in the 
second half of life, often (but by no means always) 
being seen in diabetics of long standing who have 
not been under full diabetic control. Despite a 
long history of poorly controlled glycosuria, 
diabetes in these patients is often mild (Rundles, 
1945). Perhaps the earliest sign of this syndrome 
is loss of vibration sense which is so slight that 
it can only be detected electrically. I have 
already mentioned that pain may occur without 
physical signs, and the converse is equally true. 
Sometimes there is a fairly close clinical resem- 
blance to tabes dorsalis, and Argyll Robertson 
pupils have been described, though it has been 
suggested that this pupillary anomaly has never 
been demonstrated by a neurologist (Martin, 
1953a). One of the difficulties in assessing the 
frequency of sensory neuropathy ts that identical 
signs and symptoms are often found in elderly 
non-diabetics (Critchley, 1931). In the early 
stages the diabetic syndrome is easily and ranidly 
reversible by full diabetic control, and this is 
perhaps the only important contribution to 
knowledge in about a hundred years. As already 
pointed out the anatomical level of the earliest 
lesions of the syndrome is by no means certain, 
but since nobody has suggested that they are 
within the spinal cord I can see no objection to 
the term diabetic sensory neuropathy, and indeed 
I cannot suggest a more appropriate title. 


Diabetic amvotrophy.—In a series of papers 
since 1953 (Garland and Taverner, 1953; 
Garland, 1955, 1957) I have described a purely 
motor diabetic syndrome. At first I thought 
this was a new clinical discovery, but it was in 
fact a re-discovery of an old and forgotten 
observation. Originally I regarded this as a 
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diabetic myelopathy on the basis of the distri- 
bution of muscle weakness, electromyographic 
changes, and the presence of extensor plantar 
responses. But | later found that the plantar 
response is often flexor, and in the absence of 
post-mortem confirmation I felt that the syn- 
drome was better described as diabetic amyo- 
trophy, since of all the manifestations weakness 
and wasting of muscles are the only constant 
features. That this is in some way determined by 
diabetes seems to be generally accepted. I have 
now seen 30 examples of this condition. 
The reactions of others to my first papers 
varied; many thought that this was only a product 
of my Leeds imagination but most neurologists 
soon found one or more examples, and recently 
12 have been recorded in Zurich (Bischoff, 1959) 
and others in Boston (Sullivan, 1958). 


Apart from being a purely motor syndrome 
this condition shows many differences from 
diabetic sensory neuropathy. The signs and 
symptoms are almost invariably asymmetrical, 
and often almost unilateral. As with the sensory 
form the legs are always affected first, and indeed 
the arms are rarely involved, but the proximal 
muscles tend to be most involved. Fasciculation 
is seen occasionally. The appropriate tendon- 
jerks are depressed or absent, and the plantar 
responses are sometimes extensor. Pain ts 
usual, always being felt in the region of the 
affected muscles: in one example of mine the 
pain was abdominal and related to changes in 
the rectus abdominis. The protein content of 
the spinal fluid is sometimes considerably raised, 
as in sensory neuropathy. The history of diabetes 
is usually short and occasionally amyotrophy is 
the presenting symptom, but this is not always 
true and | have seen amyotrophy suddenly 
complicate diabetes of over twenty years’ 
duration. Amyotrophy usually appears in the 
less severe examples of diabetes and no patient of 
mine has previously been in diabetic coma. The 
syndrome is known to relapse, and recovery 
from amyotrophy may be followed by sensory 
neuropathy (Sullivan, 1958). In my experience 
this syndrome is totally reversible, though muscle 
atrophy and electromyographic changes may be 
the last features to return to normal. The only 
treatment necessary ts full diabetic control, and 
for this | think a desirable though arbitrary 
figure for the blood sugar two hours after a meal 
is 150 mg! | am not prepared to defend myself 
on this point if attacked by a diabetician, but I 
am satisfied that such control will prove adequate, 
although the use of the insulins is almost in- 
variably essential. In establishing a diagnosis 
of diabetes I have always relied on the glucose 
tolerance test, and I have sometimes accepted as 
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evidence abnormally high levels (over 200 mg”) 
in a “lag” curve after a normal fasting level; 
some will no doubt say this ts not diabetes, and 
I may have to change the nomenclature to 
hyperglycemic amyotrophy. 


The differential diagnosis of diabetic amyo- 
trophy lies largely in laboratory tests. The 
imitators are polyarteritis nodosa, syphilitic 
amyotrophy, hypoglycemic amyotrophy, or 
motor neuron disease in those examples that 
are painless. The majority of my cases had 
previously been given an incorrect neurological 
label—usually either sciatica or motor neuron 
disease- but I have not seen these errors com- 
mitted by a neurologist, although before 1953 
we must all have overlooked this condition. 


The underlying pathology of diabetic amyo- 
trophy has not yet been established, and the 
scanty evidence is conflicting. In one recorded 
example, in which I would accept the diagnostic 
criteria (Alderman, 1939), post-mortem studies 
showed gross changes in anterior horn cells, with 
appropriate asymmetry and little else. In the 
only post-mortem study made Leeds 
(Harriman, 1959), where again | would accept 
the diagnostic criteria, virtually no histological 
changes were seen in the spinal cord or nerves 
though the muscles showed striking changes, 
apparently of neurogenic atrophy. This obser- 
vation raises the possibility of a purely bio- 
chemical neural lesion, at any anatomical level, 
which, though not producing neurohistological 
change would, at any rate in its early stages, 
disturb function sufficiently to produce serious 
disability and even secondary histological changes 
in muscle. But this theory would not conform 
with the previously described changes starting in 
end-plates. At the moment, therefore, we must 
accept the entity of reversible diabetic 
amyotrophy, with the possibility of a lesion at 
any point from anterior horn cells to muscle 
end-plates, or at several levels, and with clinical 
and electrical evidence that the spinal cord is 
sometimes involved even without histological 
change. 


Viixed sensory and motor diabetic svndromes. 

It has always been recognized that diabetic 
polyneuritis, though largely sensory, might from 
time to time show minimal motor involvement. 
I have never seen, or heard of, a florid example 
of diabetic sensory neuropathy in combination 
with diabetic amyotrophy, and it may be that 
for some etiological difference these syndromes 
have only the common denominator of diabetes. 
But even though the syndrome appears to be 
purely sensory on clinical grounds biopsy study 
may still show changes in motor end-plates 
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(Harriman, 1959). The clinical picture of diabetic 
sensory neuropathy is usually very different from 
that of other forms of polyneuropathy and rarely 
has to be considered in the differential diagnosis 
of “polyneuritis’, except when the latter is 
carcinomatous. 


Diabetic autonomic: syndromes.— Involvement 
of the autonomic nervous system in diabetic 
degeneration has had frequent reference in the 
past ten years (Metcalfe, 1949; Martin, 1953; 
Keen, 1959) though similar suggestions had been 
made long before this. If true, this group of 
signs and symptoms is extensive, and not very 
generally recognized—certainly not by myself. 
Many disabilities are said to result from diabetes 
and, in particular, from diabetic degeneration in 
the autonomic system, whether or not diabetic 
sensory neuropathy is associated. One of the 
commonest is paroxysmal diarrhoea, which is 
usually nocturnal, with very frequent fluid stools, 
and sometimes with faecal incontinence. I[mpo- 
tence may appear as an isolated symptom 
which may mean failure of erection, loss of 
libido, or failure of ejaculation (more properly 
then termed sterility). Paralysis of the bladder, 
with loss of sensation and a sizeable amount of 
residual urine, and even retention, may occur 
without peripheral sensery loss, but often in 
association with impotence. Other signs and 
symptoms include loss of sweating (usually in 
anesthetic areas), postural hypotension, postural 
tachycardia, neuropathic joints (especially in the 
feet), perforating ulcers, possibly pupil changes, 
and even gastric retention. Dependent oedema 
without cardiac or renal cause has always been 
known to accompany peripheral neuritis on 
occasions, and is also said to result from auto- 
nomic degeneration. Impotence is said to occur 
in 75°. of male diabetics between the ages of 60 
and 65 (Keen, 1959), though without « control 
series this figure is not impressive; more impor- 
tant is the incidence of impotence in 25°,, of 
diabetics between the ages of 30 and 35. An 
assessment of the precise relation between 
nocturnal diarrheea and any neurological accom- 
paniments of diabetes is very difficult, because 
the diarrhaea is paroxysmal and is said to have 
been reversed by the use of antibiotics (Keen, 
1959). But it is claimed that most of these 
autonomic disturbances can be reversed by 
diabetic control, though impotence may only 
be relieved if it be of fairly recent and sudden 
onset. I have not seen any of these symptoms 
in combination with diabetic amyotrophy. 


It is suggested that non-myelinated nerve 
fibres are the first to suffer in diabetes (Martin, 
1953), and that perception of pain and extremes 
of temperature, as well as tendon areflexia, may 
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all be determined by non-myelinated afferent 
pathways. These views are of importance in 
regard to etiology in general, because it seems 
that non-myelinated fibres are less vulnerable to 
ischemia than the larger myelinated fibres, 
suggesting that diabetic degeneration is more 
likely to be determined by metabolic than 
ischemic changes. 


It may be pertinent to draw an analogy with 
the known sequele of extensive sympathectomy, 
which has been done in many patients who have 
now been under observation for years. Postural 
hypotension is a well-known sequel, but retention 
of urine, nocturnal diarrhoea, neurogenic arthro- 
pathy, and perforating ulcer have not been seen. 
Sweating is never totally and permanently 
abolished after sympathectomy, except below the 
knees, and though impotence in all its forms often 
results it is by no means a certain hazard 
(Shucksmith, 1959). We can only conclude that 
diabetic involvement of the autonomic nervous 


system presents formidable and at present 
insoluble problems. This has always been true 
of all autonomic disorders, and our lack of 


knowledge is not helped by the variable behaviour 
of the autonomic system in experimental animals. 


Cranial and other isolated nerve palsies. 
Diabetes has often been claimed as the cause of 
palsies of isolated peripheral nerves, and 
particularly the oculomotor nerves. The largest 
number of diabetic ocular palsies seen by one 
observer seems to be 30 (Collier, 1930); in this 
series the VI nerve was most frequently affected 
but all three oculomotor nerves were sometimes 
involved on one or both sides. All these patients 
were in the second half of life, and all the ocular 
palsies recovered. | find it very difficult to 
accept this hypothesis especially as there was no 
reference to blood sugar studies or details of 
treatment. Sudden ocular palsies frequently 
appear in non-diabetics in middle and old age, 
and these usually make a complete recovery: 
their precise etiology has always been a matter 
for speculation, but there has been one very 
important study of a III nerve palsy, in a diabetic, 
in whom opportunity for post-mortem study 
arose (Dreyfus ef al., 1957). A sizeable fusiform 
swelling of the nerve was found in its intra- 
cavernous course, and histological studies sugges- 
ted that the essential lesion was occlusion of one 
of the vasa nervorum. Such occlusion was not 
identified but this might have been the result of 
damage at the time of removal of the brain. It 
was admitted that the diabetes might well have 
been fortuitous. However, this theory stimulated 
interest in the blood supply of the IIT nerve, 
about which littlke was previously known. 
Although the blood supply of the distal and 
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proximal parts of the IIL nerve was established 
in a series Of post-mortem studies, that of the 
intra-cavernous portion eluded demonstration. 


Other cranial nerve palsies, especially of the 
VII, have been ascribed to diabetes, and so have 
palsies of isolated nerves in the limbs; these are 
said to have a sudden onset and to be irreversible 
(Collier, 1930). I have never seen these myself, 
and | doubt their validity (cf. Goodman er al., 
1953). I am prepared to concede that bizarre 
areas of anesthesia, with no acceptable anatom- 
ical substratum, may be evidence of diabetic 
sensory neuropathy, but in assessing any neuro- 
logical syndrome it must always be remembered 
that diabetes is common, and that the association 
with neurological syndromes may be accidental. 


Atiology of the diabetic neurological svndromes, 

Three explanations for the neurological com- 
plications of diabetes have been advanced in the 
past—-namely, vitamin deficiency, hyperglycemia 
or some intermediate disturbance of metabolism, 
and ischemia resulting from arterial changes 
consequent on or aggravated by diabetes. There 
is little support for the first concept (Martin, 
1953a; Keen, 1959), but the other two are 
intertwined and the evidence is more than 
contradictory. It has often been suggested that 
peripheral neuropathy in diabetes is determined 
by vascular occlusion from atheroma or medial 
thickening at various arterial levels, which is 
proved to operate in the neuropathy of poly- 
arteritis nodosa Against this theory are the 
facts that many such diabetics show no clinical 
evidence of arteriopathy or hypertension, that 
the neurological syndromes are totally reversible 
by diabetic control alone, and that these 
syndromes are often absent in gross arteriopaths 
whether, or not they be diabetics. Certainly such 
a concept would not be acceptable when the 
lesion is in the spinal cord, since spinal arterio- 
sclerotic syndromes do not seem to exist-—which 
is very remarkable in view of the frequency of 
cerebral arteriosclerotic disorders. Of recent 
years an attempt has been made to establish the 
entity of a specific diabetic angiopathy, which is 
reversible by diabetic control. This theory turns 
largely on the application of special staining 
techniques to nerve biopsy material, and a case 
seems to have been established, though further 
study is required (Fagerberg, 1959). 


The same basic pathology has been ascribed 
to the neurological, retinal, and renal compli- 
cations of diabetes, and they are said to be 
clinically associated. Diabetic gangrene, retino- 
pathy and probably nephropathy are thought to 
have a vascular rather than a primarily metabolic 
basis, and it is now suggested that this may be a 


specific diabetic angiopathy. The frequent 
association of sensory neuropathy, retinopathy, 
and nephropathy may be established (Joslin e7 
al., 1959), but | have not encountered diabetic 
amyotrophy in association with retinal or renal 
lesions, although diabetic angiopathy has been 
claimed as the basis of this amyotrophy (Sullivan, 
1958). It is a curious fact that the micro- 
aneurysm which is so characteristic of diabetic 
retinopathy has net been seen in any other 
organ, except perhaps the kidney (Ashton, 1959), 


All we can say to-day is that on the basis of 
histological studies there are those who think the 
neurological complications of diabetes are 
usually determined by arterial disease (Woltman 
and Wilder, 1929) or even by a specific diabetic 
angiopathy (Sullivan, 1958: Fagerberg, 1959), 
and those who advance cogent arguments against 
such theories (Rundles, 1945; Martin, 1953a; 
Bischoff, 1959). There is therefore no agreement 
as to whether the important factor is metabolic 
or ischemic, nor do we know the anatomical 
level of the early lesions, and for this reason 
anatomical terms are better withheld from 
diagnostic Jabels. 
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The Anatomical and Functional Aspects of the Neurological Lesions 
of Diabetes 
By Professor Sir GrorGE PICKERING, M.D., F.R.C.P. 
Oxford 


IN this paper I shall try to interpret diabetic 
neuropathy in terms of disturbed function. 

What are the facts that we have to explain? 
First, | think there is no doubt that in most cases 
we are dealing with a lesion of the peripheral 
nerves: all the physical signs point that way, and 
Woltman and Wilder (1929) found that any 
lesions in the central nervous system were too 
slight and inconstant to account for the signs. 
On the other hand, they, Martin (19535) and 
Fagerberg (1959) have found degenerative 
changes and disappearance of axons and myelin 
sheaths in the peripheral nerves. Our question 
then resolves itself into the problems: which 
nerves are affected, where, and by what agent? 

As Dr. Garland has shown, the clinical 
manifestations in diabetic neuropathy show that 
every kind of peripheral nerve may lose its 
function— motor, sensory and autonomic. But 
in general the early and predominant involvement 
is of autonomic and sensory nerves. 

I have been unable to find detailed accounts of 
the order of loss of the various kinds of sensation 
in diabetes. Most accounts indicate that touch 
and pain are lost more or less equally and 
contemporaneously, though perhaps not so early 
as the tendon reflexes. Vibration sense and 
sense of position seem to be lost later, although 
there are few really detailed accounts (Martin, 
1953a: Rundles, 1945); temperature sense is 
rarely mentioned in case reports or papers. 
Martin found that the histamine “flare, which 
| ewis (1927) showed to be an arteriolar dilatation 
mediated through an axon reflex of the posterior 
root system, is also reduced in diabetes. Barany 
and Cooper (1957) found that the flare was lost 
or reduced in much the same distribution as the 
loss of sweating. 

Workers in my department have been more 
concerned with the nature of the lesion of the 
autonomic nerves. Though lesions of these 
nerves were postulated in 1890, their modern 
investigation starts with Rundles, who in 1945 
reviewed 125 cases of diabetic neuropathy, 35 
investigated personally. He noted disturbances 
of gastrointestinal tract, e.g. diarrhoea, and of the 
genito-urinary tract, e.g. retention of urine and 
impotence, in association with vasomotor and 
sudomotor disturbances and occasionally with 
failure of postural maintenance of arterial 
pressure; all of which he attributed to disturb- 
ances of the autonomic system. Martin (19534) 
extended Rundles’ observations. He demon- 


strated that in patients with diabetic neuropathy, 
reflex vasoconstriction to cold and reflex vaso- 
dilatation to heat occurred normally in the upper, 
but were absent in the lower, limbs. This 
absence was not due to vascular occlusion since 
tolazoline produced a normal vasodilator 
response in the feet. These observations were 
confirmed by Snell (1959). 

Barany and Cooper (1957) investigated in 
some detail the disturbance of sweating in 9 
diabetics. Loss or impairment of sweating was 
most pronounced at the extremities of the 
limbs. In the areas of disturbance. faradic 
stimulation of the skin produced either no, or a 
reduced area of sweating and of goose skin. 
Since Lewis and Landis (1930) had shown that 
the spread of the pilomotor and sudomotor 
response of the skin to faradism is dependent on 
the integrity of the postganglionic sympathetic 
fibres, we may conclude that the lesion of the 
sympathetic nerves is in the postganglionic 
fibres. Barany and Cooper (1956, 1957) also 
demonstrated a reduction in the areas of sweating 
and goose skin produced by introducing acetyl- 
choline into the skin, which indicates a similar 
lesion, as did their finding that goose skin induced 
by iontophoresis of noradrenaline was prolonged. 
While there is insufficient evidence to admit of 
a general statement, there is no doubt that in some 
patients, e.g. Case I of Keen (1959), the sym- 
pathetic disturbance is much more 
than that of sensation. 

In 1931 Lewis, Rothschild and | investigated 
the paralysis developing in the upper limb in 
response to ischaemia. We found touch and 
sense of position were lost early and that 
temperature and pain and pilomotor activity 
were maintained longer. Motor loss occurred 
early. We suggested that this differential 
paralysis was due to the earlier involvement of 
the large, fast conducting fibres as described in 
experiments on the nerves of the cat by Gasser 
and Erlanger (1929). These observations were 
extended and confirmed by Lewis and Pochin 
(1937. 1938), who noted that defects of touch, 
cold sense, warm sense and fast-conducted pain 
begin almost simultaneously. They noted the 
curious association of hypowsthesia and hyper- 
algesia, which is also a common finding in 
diabetic and other neuropathies. And_ they 
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noted some inconsistencies between their findings 
and the theory relating them solely to fibre size. 
The converse of 


ischemia is provided by 
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cocaine which, as Gasser (1934) showed, paralyses 
the small slowly conducting fibres first and the 
large fibres last: pain and the vasomotor nerves 
are paralysed early, touch later. A somewhat 
intermediate position is occupied by cooling, 
which picks out the cold, motor and vasomotor 
fibres early, touch second and pain and warmth 
last (Bickford, 1939). 

These patterns of differential paralysis of 
nerves undoubtedly represent physicochemical 
differences in the nerve fibres themselves, and 
this irrespective of whether the differential 
paralysis is a manifestation of fibre size, or of 
their frequencies and patterns of impulses, 
which some believe to represent the way in which 
different modalities are conducted (for review 
see Sinclair, 1955). 

Iam not aware of any observations on diabetic 
neuropathy that are sufficiently searching to 
enable a conclusion to be drawn as to whether 
the loss of function corresponds closely to any 
of these three patterns or is different. However, 
the relatively early and severe lesions 1n_ post- 
ganglionic fibres seem quite unlike the pattern 
found in ischemia: and of course there is no 
doubt that the postganglionic fibres are small 
and unmyelinated. 

The chief interest of diabetic neuropathy to 
me lies in its meaning. All observers are agreed 
that there is a correlation between the nervous 
lesions, those of the retina so recently and 
admirably reviewed by Ashton (1959), and the 
Kimmelstiel-Wilson lesion of the kidney. While 
it is probable that they represent three separate 
manifestations of one and the same biochemical 
fault, we may, for the purposes of this discussion 
restrict Our attention to the nervous lesion. 
Woltman and Wilder (1929) believed that neither 
glycosuria nor acidosis played a direct part; 
nor did infection. They therefore considered the 
lesions were due to atherosclerosis affecting the 
blood supply of the nerve trunks. While 
Rundles (1945) noted that neuropathy was 
particularly prone to develop in patients whose 
diabetes was poorly controlled, 56°, of his 
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patients had never had coma, acidosis or ketosis 
so far as could be ascertained. Fagerberg (1959) 
has recently shown the frequency of deposits of 
PAS-staining material in the arteries of the 
sural nerve in diabetes, and again argues the 
case for ischemia. However, two arguments 
make this improbable. In the first place, as 
Martin (19534) showed, the blood supply to the 
affected limb is in many cases good. In the 
second place, as | have shown above, the pattern 
of loss of function is quite unlike that of ischemia. 

1 would like, therefore, to suggest that 
the lesion of the peripheral nerves is one of the 
manifestations of the basic biochemical fault 
that underlies a certain type of diabetes. It is 
not impossible that this biochemical fault is the 
manifestation of a single gene, though the 
evidence is quite inconclusive. But it seems to 
me possible that if we could define more 
accurately the biochemical fault in’ diabetic 
neuropathy, we might obtain a new approach to 
the nature of at least one form of diabetes. 
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KNOWLEDGE of the biochemical changes that 
accompany different forms of peripheral neuro- 
pathy is still very limited. One biochemical 
lesion, however, that has been shown to exist 
in certain types of polyneuritis is a disorder of 
pyruvate metabolism, and because of these 
limitations in our knowledge, this communication 


is mainly concerned with pyruvate metabolism 
in diabetic neuropathy. 

It must be made clear, however, at the outset 
that although the studies which we have carried 
out have provided results of interest to the wider 
problems of diabetes mellitus, they have not as 
yet produced any positive evidence on which we 
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can build any theory to account for the develop- 
ment of diabetic neuropathy. They have, 
however, served to exclude certain possibilities, 
and suggest perhaps a _ re-directing of our 
thoughts, and it is for this latter reason that we 
have thought it worth while to describe them 
briefly here. 

The clinical similarity that exists between 
certain cases of diabetic neuropathy and the 
polyneuritis associated with thiamine deficiency 
led, as is well known, to the suggestion that this 
peripheral neurological complication of diabetes 
might be the outcome of a co-existing deficiency 
of vitamin B,. 

In order to test this hypothesis Goodhart and 
Sinclair in 1940 estimated the level of thiamine 
in the blood, in the form of its pyrophosphate 
ester which can be regarded as the active 
derivative of thiamine, in 5 patients with diabetic 
neuropathy. In 4 out of the § patients they 
found normal levels. The Sth patient, in whom 
a low level was found, was also an alcoholic, 
which could of course account by itself for the 
decreased thiamine level. 

Studies were also made, between 1940 and 
1943, of the urinary excretion of thiamine before 
and after a test dose of the vitamin in diabetic 
patients, with and without signs of peripheral 
neuritis, and again in the vast majority of cases 
the values found were within the normal range 
(Robinson ef al., 1940; Pollack ef al., 1941: 
Needles, 1943). 

Despite these findings, however, several 
observers claimed that clinical improvement 
occurred in patients with diabetic neuropathy 
following the administration of the vitamin 
(Fein ef al., 1940; Rudy and Epstein, 1945), 
although other subsequent investigators found 
that even doses of thiamine given 
intramuscularly failed to produce any improve- 
ment (Rundles, 1945; Martin, 1953). 

There is therefore no clear or even adequate 
evidence to support the suggestion that diabetic 
neuropathy is in the main due to an accompany- 
ing thiamine deficiency. 

It is, however, now known that the underlying 
biochemical lesion in thiamine deficiency, namely 
a block in the normal oxidative pathway of 
pyruvate metabolism inside the cells. can be 
produced by a variety of causes other than 
thiamine deficiency. Further, it is known that 
certain of these other causes can also manifest 
the block in pyruvate metabolism by bringing 
about the development of a peripheral neuritis 
closely resembling that due to a_ thiamine 
deficiency. For example, arsenical polyneuritis 
is now known to be associated with an in- 
activation of certain of the enzyme-coenzyme 
systems concerned in the oxidation of pyruvate, 
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this inactivation resulting from a_ chemical 
interaction between the arsenical compound and 
certain essential sulphhydryl groups the 
enzyme system. 

Lesions of this type, resulting in impairment 
of utilization of pyruvate should theoretically be 
capable of detection by measuring the blood 
pyruvate level after a loading dose of glucose 
which will in part be converted into pyruvate 
inside the cells of the body: if further metabolism 
of the pyruvate so formed its impaired, then 
abnormally high levels of blood pyruvate might 
be expected to occur. 

For example, Joiner, McArdle and Thompson 
applied such a test in 1950 to a group of 40 cases 
of polyneuritis of different types, together with 
a group of 50 control subjects. They found that 
just over half of the patients with polyneuritis 
showed high blood pyruvate levels at either 60 
or 90 minutes after the dose of glucose. By 
repeating the test after fourteen days of massive 
parenteral thiamine therapy they were able to 
show that only a small proportion of these 
patients showing high blood pyruvate levels had 
had their pyruvate metabolism restored to 
normal by the vitamin therapy. The remaining 
patients showing high pyruvate levels must 
therefore have had an impairment of pyruvate 
metabolism due to some other cause. 

In view of the known abnormalities of carbo- 
hydrate metabolism in the diabetic patient it 
seemed therefore to be of particular interest to 
study the blood pyruvate levels in patients with 
diabetic neuropathy. 

In the earlier Joiner, McArdle and 
Thompson had included 4 patients with diabetic 
neuropathy, and had found that in each of them 
there was virtually no rise in the pyruvate level 
following the loading dose of glucose. This was 
in agreement with the finding of Bueding ev al. 
(1942) and others, that diabetic subjects without 
neuropathy also show little or no rise in the blood 
pyruvate level following the administration of 
glucose. 

This may be attributable to the fact that the 
diabetic subject is suffering from a_ relative 
insulin deficiency, so that the utilization of the 
loading dose of glucose will be impaired. The 
blood pyruvate level will only rise as a result of 
pyruvate entering the tissue fluids from the cells, 
and if, owing to insulin lack, the entry of the 
glucose into the cells is impaired, then only a 
small amount of pyruvate will be formed inside 
the cells from the loading dose. In other words, 
an insufficient amount of the loading dose may 
be entering the cells to yield sufficient pyruvate 
to show a rise in the blood level if any block in 
Pyruvate metabolism were present. 

If. however, a dose of insulin is given to the 
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diabetic subject at the same time as the loading 
dose of glucose ts taken, then, if that insulin is 
effective inside the body, it might be expected to 
increase the rate of glucose entry into the cells 
sufficiently to show an abnormal rise of blood 
pyruvate, should any block to pyruvate utiliza- 
tion exist. We therefore gave 7 units of insulin 
intravenously, together with the ora! gl cose, 
and were able to show that a proportion of 
diabetic did then show a. strikingiy 
abnormal, high rise in the blood pyruvate level 
(Butterfield and Thompson, 1957): for example, 
in a recent series we have shown that 18 out of 


subjects 


a group of 53 diabetic subjects gave an abnormal 
rise in the pyruvate level after the administration 
of glucose and insulin (Butterfield es a/., 1959). 
The highest levels in general appear to be found 
in those patients who ere poorly controlled. 

Martin (1953) had earlier studied 8 patients 
with dicbetic neuritis using, not a loading dose 
of glucose, but an intravenous infusion of 
pyruvate. In this small series he was not able 
to find any abnormal pyruvate 
metabolism, although he himself appears to have 
found the results of this approach unsatisfactory 
on technicel grounds. 
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Furthermore, although alloxan diabetes may 
present a different and possibly a more complex 
metabolic picture, there ts certainly evidence that 
in this condition pyruvate metabolism ts 
defective Thus. Pearson er al. (1949) have 
shown that cardiac and diaphragm muscle from 
alloxan-diabetic rats show a diminished ability 
to convert pyruvate to CO,, and El Hawary and 
Thompson (1954) found a significant rise in the 
blood pyruvate level of alloxan-diabetic rats. 
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the evidence that now exists of 
abnormal pyruvete metabolism in at any rate a 
proportion of diabetic subjects it was decided 
next to investigate whether there any 
correlation between high pyruvate levels and the 
existence of neuropathy by measuring blood 
pyruvate levels during glucose-insulin tests. 

We have therefore recently carried out these 
measurements in 18 diabetic petients showing 
involvement of the peripheral nervous system. 
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These 18 patients comprised 4 groups: 

(1) 12 patients with chronic peripheral neuritis, 
all showing signs of bilateral sensory and reflex 
changes, with or without weakness. Patients 
with absent ankle-jerks or impaired vibration 
sense without other signs were not included. 

(2) 2 patients with acute peripheral neuritis, 
showing bilateral sensory and reflex changes 
without weakness: these patients were badly 
controlled and the symptoms improved rapidly 
with treatment 
(3) 2 patients with mononeuritis multiplex, the 
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first with a right radial and left lateral popliteal 
palsy, and the other with a right ulnar and 
bilateral popliteal lesions. 

(4) 2 patients with 
(Garland, 1955). 

In carrying out the tests, 50 grams of glucose 
was given by mouth, and units of insulin 
injected intravenously. Blood was taken at zero 
time, in the fasting, rested state, and again at 
60 minutes after the dose of glucose and insulin, 
the patient being kept at rest. 


diabetic amyotrophy 


Pyruvate was estimated by the method of 
Friedemann and Haugen (1943). In addition to 
pyruvic acid, this method will 2lso estimate, to 
varying degrees, other keto acids including 
aceto-vcetic acid. In studying diabetic patients 
in particular, it is therefore important to demon- 
Strate that high pyruvate levels, as determined 
by the Friedemann and Haugen method, are in 
fact due to pyruvate and not to aceto-acetate. 
In a series of patients showing particularly high 
levels, or who were known to be liable to develop 
ketosis, we have therefore also estimated pyruvic 
acid by specific method involving paper 
chromatographic separation of the pyruvic acid 
from the other keto acids present in the blood 
extract (McArdle, 1957). Closely similar values 
were obtained by the two methods, particularly 
in the case of the rise in the level after admini- 
stration of glucose. 

Table | shows the mean values obtained in a 


Mtan Broom Pyrtvare IN GLUCOSE-ANSULIN 
Tests 
Blood pyruvate (mg 100 ml) 
No ot Rise at 
subjects Fasting 60 min 60 min 
Healthy controls 23 0-64. 003 090-003 0.26 
Diabetics without 094 009 156. 0-16 0-62 
neuropathy 
Diabetic neuro IN 090 0.06 137.018 0.47 
pathy 
group of 23 healthy control subjects, in 30 


diabetics without neuropathy, and in the 18 


diabetics with neuropathy. 

Taken as a group it will be seen that there is 
no evidence that the blood pyruvate levels are 
higher in the patients with neuropathy than in 
other diabetics. The fasting levels in the 2 
groups are closely similar, although they are 
distinctly higher than the fasting level in normal 
subjects but both the 60-minute figure and the rise 
are actually lower in the patients with neuropathy 
than in those without neurological signs or 
symptoms. 

6 of the 12 patients with chronic peripheral 
neuritis showed pyruvate levels above the 
expected normal range, the other 6 giving normal 
results. Both the patients with mononeuritis 
multiplex and both of the amyotrophic subjects 
gave normal results. 
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On the other hand the 2 patients with acute 
peripheral neuritis showed high values. Despite 
this we hesitate to relate the onset of the neuro- 
logical symptoms in these 2 cases to the observed 
defect of pyruvate metabolism, since both 
patients were badly controlled, with blood sugar 
levels of over 300 mg/100 ml, and it is in just 
this type of patient that high pyruvate levels are 
to be expected even in the absence of neurological 
complications. 

It would seem therefore that high blood 
pyruvate levels are found no more frequently in 
diabetics with neuropathy than in other types of 
diabetic patient. So that, just as there is little 
real evidence of any association with thiamine 
deficiency, we must also conclude that there is 
as yet no clear evidence for regarding diabetic 
neuropathy as due to any other type of impair- 
ment of pyruvate metabolism. 

At the same time, we now know that many 
diabetics have a demonstrable abnormality of 
pyruvate metabolism, and it should perhaps be 
pointed out that the methods that we have been 
using, involving analysis on samples of venous 
blood from the forearm, are relatively crude for 
the investigation of chronic and perhaps only 
slight biochemical changes in nerve cells, and 
we may have to refine our techniques still more 
before we can with certainty exclude a defect in 
oxidative metabolism in nerve cells in diabetic 
neuropathy. 

So far, however, we must admit that bio- 
chemical investigations into this condition have 
vielded little that is of positive help. Knowing, 
however, the extent to which nerve cells appear 
to depend on the metabolism of glucose for the 
provision of energy for their normal functioning, 
it is perhaps to be expected that signs of abnormal 
functioning in peripheral nerves might be found 
in a condition involving subnormal glucose 
utilization by the peripheral tissues, even though 
the oxidation of glucose by the central nervous 
system appears to be largely independent of 
insulin. 

At present, however, we can do little more than 
theorize on the biochemical level as to why 
peripheral neuropathy should develop in some 
patients and not in others. 

Is it due, for example, to variations in the 
efficiency of the intracellular metabolism, at a 
level higher than pyruvate, of the subnormal 
amounts of glucose entering the cells, 
variations being dependent perhaps on 


these 
the 


levels of the necessary enzyme-coenzyme system? 
The levels of these systems will depend on 
continued protein synthesis, which would appear 
to be deranged in diabetes mellitus, and which 
may be more deranged in some subjects than in 
others. 


These levels may again be influenced by 
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the degree of accompanying vascular changes in 
the nerves. 

Another possibility, bearing in mind the 
known abnormalities in lipid metabolism in 
diabetes, is that in the diabetic subject there may 
develop a defect in the synthesis of the relatively 
large amounts of those particular long-chain 
fatty acids that are present in the lipids of the 
nervous system. 

It is also possible that the raised blood sugar 
level may affect nervous excitability, since 
Feldberg (1944) has shown that concentrations 
of glucose of 0-2°,, or over inhibit the synthesis 
of acetylcholine by nerve tissue. 

Finally, we must certainly not exclude the 
possibility that certain types of human diabetes 
may be associated with the presence of a circu- 
lating alloxan-like substance, derived perhaps 
from some derangement of purine metabolism. 
Since alloxan is a powerful SH inhibitor, and 
since it is Known that SH inhibitors can produce 
neuropathies, the presence of an alloxan-like 
substance might account not only for B-cell 
damage, but might also explain why in some 
patients neuritic symptoms develop at so early 
a stage in the disease, or may indeed be the 
presenting features. 

All these, of course, are speculations, and it is 
clear that much more work, and on a much 
wider front, is needed to explore the complex 
metabolic abnormalities that certainly exist in 
this condition. 
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IN RHEUMATOID ARTHRITIS 


“The safest effective corticosteroid | 
have used.””! 

“Triamcinolone lacks the sodium-retain- 
ing and oedema-producing effects of 
most other glucocorticoids.’’2 

“It (triamcinolone) may also be the 
steroid of choice for patients in whom 
psychic stimulation, euphoria, voracious 
appetite, and weight gain should be 
avoided.”*2 

“This new steroid possesses a very high 
order of anti-rheumatic potency . . .”°3 


1. J.Amer. Med.Ass. 167:8:973-96 (June 21) 1958 
2.J.Amer.Med.Ass. 169:257 (Jan. 17) 1959 
3. Arthritis and Rheumatism: 1:218 (June) 1958 


IN PSORIASIS & OTHER DERMATOSES 


“Most useful of the steroids in the 
treatment of various skin diseases."*4 
“A potent anti-allergic compound.*’S 
“LEDERCORT applied topically exerts 
marked anti-inflammatory, anti-allergic 
and anti-pruritic effects over a wide 
range of dermatoses.’*® 

. Lancet, 1:718, 1959 

. Allergy: 28:97, 1957 

. So.Med.J. §2:330, 1959 
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Surgical Aspects of Medicine. 
Daintree Johnson, M.A. 
F.R.C.S. (Pp. xv 382 
London: Butterworth 
Lid. 1959 


This book consists of a series of mostly short 


Edited by H. 
M.B., B.Chir., 
21: illustrated. 65s.) 
& Co. (Publishers) 


essays, forty-two in all, on a wide variety of 


surgical subjects. The editor has written three 
chapters himself and for the rest has called on 
thirty-nine other experts their particular 
subjects, naturally most of them surgeons. The 
book aims primarily at providing guidance for 
physicians and family doctors on when they 
should consider surgery and what results they 
may expect. The subjects vary widely, from 
cesophagitis to hemorrhoids, from hernia to 
hypophysectomy, and from painful feet to squint. 


Readers will find most chapters attractively 
written with a minimum of lists and classifica- 
tions. The reviewer liked particularly the 


article on “the nodular breast” which all doctors 
and medical students could read with benefit. 
Both the foreword by Professor Aird and the 
editor’s introduction emphasize the termino- 
logical difficulties caused by the same word 
“medicine” being used both as a comprehensive 


term for the healing art and also for that part of 


it practised by physicians. 


Napoleon Immortal. The Medical History and 


Private Life of Napoleon Bonaparte. (Pp. 
xi 307: illustrated. 2s.) By James 
Kemble, Ch.M., F.R.C.S. London: John 
Murray. 1959. 


QO. Another book on Napoleon? 
thing new in it? 


Is there any- 


1. Indeed, there is. The author, who has read 
widely and made many original investiga- 
tions. discusses from the medical point of 
view the from which 
Napoleon suffered. and explains how they 
may have affected his career. 


various — illnesses 


Q. Any surprising views? 

A. Yes. evidence is given to show that Napoleon 
at the age of 40 became the subject of 
Frohlich’s disease, and the startling sugges- 
tion is made that one factor in his defeat at 
Waterloo was a severe attack of piles from 
which he was then suffering. 

Q. Did you enjoy the book? 

1. Yes, for it is written in an easy, sometimes 
almost colloquial style, and there are many 
witty (sometimes facetious) asides. Though 
written in a light style it is a serious contri- 
bution to medical and general history. 


FEBRUARY 


Proceedings of the Royal Society of Medicine 


BOOK REVIEWS 


Progress in Psittacosis Research and Control. 
Edited by F. R. Beaudette. With a foreword 
by Richard EF. Shope. (Pp. xii» 271: 
illustrated. $5.0.) New Brunswick, N.J.: 
Rutgers University Press. 1958. 

This book contains the proceedings of a 
symposium held in 1956 at the New Jersey 
Agricultural Experiment Station and financed by 
the Hartz Mountain Products Company. 

A large section is concerned with the control 
of psittacosis in turkeys and certain types of 
cagebirds using chlortetracycline mixed with the 
feeding stuffs. There are also contributions on 
the ecology of the disease in man, birds and 
mammals and on methods of diagnosis. 

Among the contributors are Rene J. Dubos 
who has written a short but very interesting 
paper on the factors concerned in converting 
infection into disease; R. E. Shope on reservoirs 
of viruses: K. F. Meyer on the disease in para- 
keets and its control by chemotherapy. 

The finding that the disease in parakeets and 
turkeys can be influenced by feeding foodstuffs 
containing chlortetracycline small 
amounts as 200 g to a ton of foodstuff is thought 
by some to provide a practicable method of 
eliminating or reducing important sources of 
infection for man. 

The possible influence of these findings on 
public health and quarantine regulations is dis- 
cussed in a paper by J. M. Andrews of United 
States Public Health Service. 

The book will probably be of greater interest 
to veterinarians than to medical men but to both 
it will serve to illustrate current trends in the 
U.S.A. 


Synopsis of Ophthalmology. By William H. 
Havener, B.A., M.D., M.S.Ophth.). (Pp. 
288; 184 illustrations. 50s.) St. Louis: The 
C. V. Mosby Company. London: Henry 
Kimpton. 1959 

This is a concise textbook of ophthalmology 
covering briefly the diagnosis and management of 
eye diseases. It is written in an easy style and is 
profusely illustrated, most of the figures being 
photographs of patients under the author's care. 

The book opens with a description of eye exam- 

ination, followed by chapters on eye injury and 

the diagnosis and management of the red eye. 

There follow chapters on medical ophthal- 

mology, neuro-ophthalmology, glaucoma, strab- 

ismus, uveitis, degenerative diseases, develop- 
mental anomalies, the meaning of eye symptoms, 
eye-lids, physiology of the eye, ocular therapy, 
surgery of the eye and preventable blindness. 
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There is a short glossary and an adequate index. 
The management of eye diseases is orthodox in 
outlook, and the book is well balanced. 


Blindness in West Africa. By F. C. Rodger, 
M.D., Ch.M., D.O.M.S. (Pp. xiv + 262; 
98 illustrations. £3 10s.) London: H. K. 
Lewis & Co. Ltd., for the Royal Common- 
wealth Society for the Blind. 1959. 
During 1952-1956 Dr. Rodger covered much 
of Nigeria and part of Northern Ghana in 
a survey sponsored by the Royal Common- 
wealth Society for the Blind. A _ series of 
papers have recorded his findings and the 
present monograph is a most helpful summary 
and systematization of these studies. Assessed 
against the incredible difficulties under which 
this work was carried out one is particularly 
grateful for so much useful material. It is 
regrettable that in the discussion on oncho- 
cerciasis no indication is given of the significant 
work ef Choyce, which has questioned seriously 
the role of onchocerciasis as a cause of blind- 
It is also unfortunate that the credit for 
isolating the trachoma virus is not given to the 
Chinese workers who accomplished this. The 
monograph as a whole gives an indication of 
the size of the problem and provides a factual 
basis for public health and therapeutic measures. 


ness. 


Roxburgh’s Common Skin Diseases. Revised by 
Peter Borrie, M.A.,. M.D.Cantab., M.R.C.P. 
London. IIithed. (Pp. xxii+ 495; illustrated. 
fl 17s. 6d.) London: H. K. Lewis & Co. 
Ltd. 1959. 

“Roxburgh”, which has for long been a 
favourite with students and general practitioners, 
has been revised by Dr. Borrie. Its virtues are 
well known: its readability and the brilliance of 
the black and white photographs. Although 
many new paragraphs have been added to bring 
it up to date and alterations made in certain 
sections, the book ts still too long: there are 
remnants of past dermatological thinking which 
could well be discarded. The section on general 
treatment is the main offender. Is it true, for 
instance, in 1959, that drugs by mouth have no 
more than a certain limited value in dermatology ? 
Why is arsenic on one page “rarely used in the 
treatment of dermatitis herpetiformis” and three 
pages later it is found reliable in the treatment of 
that condition? But after the fifty introductory 
pages the book settles down to sensible and 
reasonably selective discussion of the commoner 
What to leave out and what not to 
leave out is a problem for every author: it is only 


diseases. 


Proceedings of the Royal Society of Medicine 


too easy for reviewers to put forward their 
biased suggestions but could not sarcoid have an 
honourable mention next time? That there will 
be a demand for another edition, there is no 
doubt. Let it be hoped that it will be consider- 
ably pruned. 


The Physiology of Learning. By W. Ritchie 
Russell, C.B.E.. M.D., M.A.. D.Sc., 
F.R.C.P. (Pp. 28. 3s. 6d.) Edinburgh: 
Royal College of Physicians. 1957. 

This is an agreeable addition to the literature 
which has accrued around the paramount 
though difficult question as to the nature of 
learning-processes. Believing that a_ child’s 
future depends largely on early parental influence, 
the author is impressed with the lessons now 
available to educationalists. A strong tradition 
of customs, loyalties and beliefs plays an 
important neuro-physiological role in the stable 
development of an efficient central nervous 
system. The author believes that these factors 
are Cultivated more successfully in Scotland than 
in most other countries, though how many others 
he has experienced we are not told. 


The Innervation of Muscle. 
C. Coérs, M.D., and A. L. Woolf, M.D. 
(Pp. xv +149; illustrated. 42s.) Oxford: 
Blackwell Scientific Publications. 1959. 

In the space of 137 pages the authors describe 
and depict the variations in the pattern of inner- 
vation of the normal muscle and the departures 
from this in pathology. 

Condensed in a generously illustrated and vivid 
manner, the subject matter is based on the 
examination of muscle biopsy material stained in 
various ways. The authors describe their tech- 
nique and findings and correlate the latter with 
relevant clinical observations and with the results 
of other diagnostic methods. The “chambre 
claire” diagrams with which they supplement 
some of their photomicrographs go a long way 
towards facilitating visualization in depth of 
some of the processes described. 

The illustration to text ratio is very high and 
the authors are to be congratulated not only on 
the quality of their figures but on the manner in 
which they have used them to convey so much 
information with a surprising economy of 
words. 

Those whe have had an opportunity of 
perusing and admiring Dr. Coérs’ previous work 
in French and regretted their linguistic short- 
comings will welcome this book by the co- 
authors. 


A Biopsy Study. By 
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Important Butterworth Publications 


GENERAL ANAESTHESIA 


Edited by FRANKIS T. EVANS, .B., B.S., F.F.A.R.C.S., D.A., and CECIL GRAY, 
M.D., F.F.A.R.C.S. In two volumes: Vol. I: Pp. xiv» 531+ Index. Vol. If: Pp. 
xii» 431. Index. 199 illustrations. £7 7s. net per set, by post 2s. 9d. extra. 

The whole wide field of anaesthesia is covered in these two volumes. The first takes in basic 
principles, covering those specialised aspects of anatomy. physiology. and neurophysiology 
which are important to anaesthetists in their everyday work, pre-anaesthetic considerations, 
apparatus, blood transfusions, the different methods of administration and many other subjects 
iechniques, special fields and hazards are detailed in the second, where the appropriate 


anaesthetic approach to every type of @peration is minutely examined by accepted authorities 
writing on their own subjects. 


HANDBOOK ON HAEMATOLOGICAL AND BLOOD 
TRANSFUSION TECHNIQUE 

By J. W. DELANEY, Pp. xii- Index. illustrations. 
4 colour plates. 45s. net, by post 2s. extra. 


This new book is a valuable addition to current literature on its subject. The section on 
haematology ranges from the basic techniques to the elucidation of the aetiology of blood 
disorders and that on blood transfusion technique deals with all the laboratory work tn this 
ficld. Although written primarily for the laboratory technician, medical student, haematologists 


and all medical men interested in the subject will find it an intensely useful and practical guide 
Edited by RONALD W. RAVEN, 0.8.£.(Mil.), In six volumes 
and index volume. Profusely illustrated. 85s. net per volume, carriage and 
packing extra. 

The first multi-volume work of its kind or scope, CANCER covers an immense range, taking 
in research into causation, pathology, geography, occupation, cancer education, detection 
clinic aspects, radiotherapy, chemotherapy and public health. It should be used by all medical 
men engaged in the struggle against the disease. 


“So much up-to-date information on so many aspects of cancer research has not been gathered 
in one place before.” — British Medical Bulletin. 


A SYSTEM OF ORTHOPAEDICS AND FRACTURES 
By A. GRAHAM APLEY, B.S., F.R.C.S. Pp. viii Index. Standard 


edition 47s. 6d. net. Alternative edition. interleaved with blank pages, 67s. 6d. 
net. By post Is. 9d. extra. 


This work states clearly and concisely the essentials of orthopaedic diagnosis and treatment 
It will be valuable to those whose work demands a quick means of reference to orthopaedics 

such as house surgeons and casualty officers—and all who are studying the subject. For those 
who want to add their own notes, there is an alternative edition interleaved with blank pages 
“It should be read by all those working for the final F.R.C.S. examination. It will also appeal 
to the doctor who wishes to grasp the essentials of an unfamiliar subject quickly and to the 
orthopaedic surgeon wishing to refresh his memory and for lecture purposes.”’— The Practitioner 
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Pediatrics for the Practitioner. Supplement 1958. 
General editors: Wilfrid Gaisford, M.D.., 
M.Sc., F.R.C.P.. and Reginald Lightwood, 
M.D., F.R.C.P., D.P.H. (Pp. v+-140-+-6; 
illustrated. 35s.) London: Butterworth & 
Co. (Publishers) Ltd. 1958. 

This supplement is divided into two parts, the 
first containing five original articles and the 
second being a noter-up which keeps the original 
volumes completely up to date. 

The article on chemotherapy by Wilfrid 
Gaisford brings sulphonamide and_ antibiotic 
therapy up to date and points the way to new 
uses as We gain a greater understanding of virus 
disease. He indicates clearly the basic principles 
of chemotherapy and gives definite direction on 
dosage. 


Julian Katz’s short chapter on behaviour dis- 
orders makes interesting reading but lacks 
definite guidance to the practitioner in the 
methods he may use in tackling the problems 
that arise. An excellent article on urology by 
D. Innes Williams describes the scope of his 
investigations and stresses the importance of a 
good clinical history and observation of the 
patient, which will often reduce the number of 
special investigations required. 

Articles on chromatography by C. EF. Dent and 
clectroencephalography by W. A. Cobb provide 
stimulating reading for all enthusiastic doctors. 
The techniques employed are highly complicated 
and the interpretation of the results is not yet 
clear cut. but they have already provided explana- 
tions of certain not known 
before, and can be used for 


disease processes 
and there 
definite diagnostic procedure. 


here 


In Part Il, the Noter-up, great care has been 
taken to every chapter in the original 
three volumes so that they are completely up to 


cover 


date. This is an excellent supplement which 
fully supports the original three volumes on 
Pediatrics. 


Arterial Embolism in the Limbs. By A. L. Jacobs, 
M.A., D.M.(Oxon.), F.R.C.P. (Pp. xii 
200; illustrated. 35s.) Edinburgh and 
London: FE. & S. Livingstone Ltd. 1959. 

This book embodies a careful study by a 
physician of over a hundred incidents of embo- 
lism together with a critical review of the whole 
subject. Most incidents were treated conserva- 
tively and it is this material which is most 
valuable as it gives a background against which 
the results of active intervention can be assessed. 

The author finds that spontaneous recovery is 

almost invariable in brachial or popliteal embo- 
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lism. Embolism of the larger arteries carries a 
greater risk to the limb and in these cases embo- 
lectomy holds first place in treatment. Even in 
this group the statistical evidence in favour of 
surgery is not overwhelming. If cases of embo- 
lism in the aorta or in the main sites of lodgement 
down to and including the superficial femoral are 
considered, the figures are 50°, limb survival 
with non-intervention compared with 84°, in the 
best surgical series quoted, that of Warren. 


Other published figures for surgery are little 
better than those obtainable without opera- 
tion. 


It is often found on the introduction of some 
new form of surgical treatment that the prognosis 
in the disease either in its natural course or with 
medical treatment is unknown, Examples that 
come to mind include arterial hypertension, 
portal hypertension, arterial thrombosis and 
certain cardiac defects. Arterial embolism used 
to lie in this category but Dr. Jacobs has done 
much to raise it from it. His book will be of 
very great value both to surgeons and physicians 
interested in cardiovascular problems. 


\ Catalogue of the Portraits and other Paintings, 
Drawings and Sculpture in the Royal College 
of Surgeons of England. By William LeFanu. 
(Pp. xii plates; 30s.) Edinburgh 
and London: FE. & S. Livingstone, Ltd. 
1960. 

Mr. LeFanu’s catalogue is a model for the 
extent and completeness of its” information 
and for its urbane presentation The 
criptions are full and vivid: the provenance 
of the works of art is given, with notes of 
published reproductions. There are delightful 
sidelights on the subjects themselves. It is that 
rarest of catalogues, one to which one turns not 
only for specific information but also for the 
pleasure of browsing. What speculations could 
not follow the notes on the statuette of the 
bearded Hijmans van den Bergh that “in later life 
(he) wore a moustache but no beard”? What 
may Queen Victoria have said to Thomas 
Walker “a Crimean casualty”: did his jacket 
ever bear more than “a lance-corporal’s stripe”: 
and does one not look at the portrait all the more 
kindly for knowing that Walker recovered from 
his trephining? Another happy feature of some 
of the entries is the note of the opinion of the 
sitter, or the comment of someone who knew 
him, on the finished portrait or effigy. 


des- 


The letterpress is worthy of the standard of 
the text; the half-tone illustrations, grouped 
together in one section, are pleasingly arranged, 
though they appear somewhat over-dark. With 


Ne 
‘ 
; 
3 
rer 
q 
& 
= 
£ 


150 


so much richness in the book it is ungracious to 
cavil about the quality of the four colour plates, 
the more so as technical difficulties in their 
preparation, away from the originals. must have 
been formidable. None the less they do fall 
below the standard set by the text, both in matter 
and style. 


The Excitable Cortex in Conscious Man. By 
Wilder Penfield, O.M., C.M.G., Litt.B., 
Hon. F.R:C;P., F-B:S. 
(The Sherrington Lectures: V.) (Pp. ix - 42: 
illustrated. 10s. 6d.) Liverpool: Liverpool 
University Press. 1958. 

The sustained output of serious work from the 
Montreal Neurological Institute never fails to 
attract admiring attention. This litthke mono- 
graph constitutes the fifth Sherrington Lecture 
as delivered by Professor Penfield. The subject 
matter is familiar and however much the conclu- 
sions may be questioned the thoroughness of the 
work that went into this research must be deemed 
superlative. For it is only too easy to lapse into 
criticism — that “recourse of the sterile, designed 
to demonstrate the intellectual superiority, cul- 
ture, and omniscience of the critic” as Chevalier 
said. “It is not uncommon”, he went on to 
proclaim, “for critics to attribute more import- 
ance to the fifty lines they write than the three or 
four hundred pages of the work before them and 
from which they drew the material for their 
pretentious dissertation.” Penfield’s introductory 
chapter ts charming. 


The Mammalian Cerebral Cortex. By B. Delisle 
Burns, B.A(Cantab.), M.R.C.S., L.R.C.P. 
Monographs of the Physiological Society, 
No. 5. (Pp. vii + 120; illustrated. 21s. Od.) 
London: Edward Arnold. 1958. 

Here is an up-to-date monograph dealing with 

a topical, important and none too easy subject. 
It is to be commended on several scores. The 
author has avoided physiological jargon. Where 
necessary he has supplied definitions of technical 
terms. He has cut down arithmetical interpola- 
tions to the minimum. There is a judicious 
interlarding of established fact with the author's 
own experiences and opinions, and the two sets 
of data are sharply distinguished. Tabulation 
and summarizing are adopted freely within the 
text as an aid to clarity of presentation. The 
figures are simple and the bibliography usefully 
full. Chapter 5 which deals with the problems 
of memory and the nature of learning is par- 
ticularly good. In all it is a book which can be 
strongly recommended. 
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Surgery in World War II. Neurosurgery, Vol. I. 
Medical Department, United States Army. 
Editors: R. Glen Spurling, M.D., and 
Barnes Woodhall, M.D. To be published in 
2 vols. (Pp. xix - 466: illustrated. $5.) 
Washington, D.C.: Office of the Surgeon 
General, Dept. of the Army. 1958. 

The first part of this book deals with the 
organization which was developed to meet the 
needs of modern neurosurgery in head trauma. 
In order to obtain a sufficient number of neuro- 
logical surgeons, the U.S. Army provided a 
special short training course for young general 
surgeons. Thereafter, they were assigned as 
assistant neurosurgeons to active military units 
where they acquired the personal experience 
essential before they could become expert in this 
rather special field. Dr. Woodhall emphasizes the 
value of a sound background of general surgery. 
The comments of Dr. Francis Grant upon certain 
shortcomings of the theoretical training were 
refreshingly realistic. A graceful tribute is paid 
to British military and civilian neurosurgeons 
for the help they gave in the training of U.S. 
Army personnel. 

The treatment of craniocerebral injuries in 
wartime is excellently described. Closure of the 
dura mater came to be recognized as of major 
importance. Delayed primary debridement was 
found to be justified if this brought the casualty 
to the hands of an expert neurosurgeon. Retained 
bone fragments were commonly the cause of brain 
abscess and here a radical attack proved the most 
successful. Tantalum plate was extensively used 
for filling defects in the skull and on occasion 
was found valuable as a method of treating brain 
fungus which defied other and simpler methods 
of dressing. The book is well produced, but 
suffers from a lack of illustration by photographs. 


Synopsis of Gynecology. By Robert James 
Crossen, M.D., Daniel Winston Beacham. 
M.D., and Woodard Davis Beacham, M.D. 
Sth edit. (Pp. 340; illustrated. 48s. 6d.) 
St. Louis: The C. V. Mosby Company. 
London: Henry Kimpton. 1959. 

This is the fifth edition of a work which 
originally appeared in 1932. In the first edition, 
the book took the form of a synopsis of Crossen’s 
well-known and classical “Diseases of Women”. 

In this new edition much material has been 
added and this little book now contains in small 
compass an extremely concise and complete 
survey of gynecology. 

It will appeal to those who want a quick 
reference to aspects of this specialized subject. 
The authors have been successful in achieving 
the right balance between the synoptic style and 
yet an eminently readable text. 
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NE ‘ICIPEN’ tablet three times a 
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maintains penicillin V blood levels 
adequate to deal effectively with 
infections due to penicillin-sensi- 
tive organisms—at a basic N.H.S. 
cost of only 2 gd. a day. 


‘Icipen’ Tablets. Scored tablets 
containing the equivalent of 300 mg 
penicillin V as potessium salt. In packs 
of 12, 100 and s00. Average basic 
N.H.S. costs for a day’s treatment (3 
tablets) 1s 2 gd. 


‘Icipen’ Suspension is picusantly 
flavoured, and acceptable to children 
and old people. Each teaspoonful 
3.§ ml.) of prepared suspension con- 
tains 1§0 mg. penicillin V. Available 
in bottles of 1 and 2 fl. oz. Basic 
N.H.S. costs for a day's treatment 
for an infant, 1 6d.; for a day’s treat- 
ment for a child, 3 -. 
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The most efficient 
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Availability of Vitamins in Yeast 


Deficiencies of single factors of the It is, however, extremely important, 
Vitamin B Group do not occur. in view of suggestions in recent publi- 
Accordingly, even if a deficiency con- cations, that the vehicle selected as a 


dition appears to result from the lack pasrghent of the entire B Complex does 
not withhold its vitamin content from 
the patient. 

Human experiments show that 
the rich, natural vitamin potency 
entire Vitamin B Complex should always of Aluzyme is totally available to 
be administered concurrently. the human system. 


of an individual factor of the group and 
it is considered necessary to give in- 
tensive treatment with this factor the 


@ Aluzyme is not advertised to the oe and may be 
prescribed on form E.C 


Have you had 
LUZYME 
of:— 
“The Therapeutic 
and Nutntrional The NON-AUTOLYSED YEAST 


Value of 


with completely available Vitamins 


Professional Samples and Prices on request from: 


ALUZYME PRODUCTS, Park Royal, London, N.W.10 


ST. ANDREW’S HOSPITAL 
FOR NERVOUS AND MENTAL DISORDERS 


NORTHAMPTON 


President-—~THE EARL SPENCER 
Medical Superintendent- THOMAS TENNENT, M.D., 


patients, who are suffering from incipient mental disorders or who wish to prevent recurrént attacks of mental 
trouble, arengions iry patients, and certified patients of both sexes are received for treatment. Careful clinical, 
biochemi rc bacteriological and pathological examinations. Private rooms with special nurses, male or female, 
in the hospital! or in one of the numerous villas in the grounds of the various branc h ies, can be provided 


WANTAGE HOUSE 
This is a Reception Hospital in detached grounds with a separate entrance, to which patients can be admitted, 
It is equipped with all the apparatus for the complete investigation and treatment of mental and nervous disorders 
by the most modern methods: insulin treatment is available for suitable cases. It also contains laboratories for 


biochemical, bacteriological and pathological research Psychotherapeutic treatment is employed when 
indicated 


THIS Registered Hospital is situated in 130 aeres of park and pleasure grounds. Informal and voluntary 


MOULTON PARK 
Pwo miles from the Main Hospital there are several villas situated in a park and farm of 600 acres. Milk, 
meat, fruit and vegetables are supplied to the hospital from the farm, gardens and orchards of Moulton Park 
Occupational Therapy is a feature of this branch, and patients are given every facility for occupying themselves 
in farming, gardening and fruit growing. 


BRYN-Y-NEUADD HALL 
The seaside home of St. Andrew’s Hospital is beautifully situated in a park of 330 acres, at Llanfairfechan, 
amidst the finest scenery in North Wales. On the north-west side of the estate a mile of sea-coast forms the 
boundary. Patients may visit this branch for a short seaside change or for longer periods. “The hospital has its 
own private bathing house on the seashore. ‘There is trout-fishing in the park. 


For terms and further particulars apply to the Medical Superintendent (TELEPHONE No. 34354 North- 
ampton) who can be seen in London by appointment. 
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Publication Rules 


Copyright: The Society holds the copyright of all matter accepted for publication in 


the Proceedings. Requests for subsequent publication elsewhere should be made to the 
Honorary Editors, Royal Society of Medicine . . . the copyright of all papers presented at 
meetings by Fellows of the Society or Members of the Sections (other than those which have 
been previously published) shall be deemed to be the property of the Society until a decision 
has been made by the Society in regard to their publication. 


Digests: Requests for permission to make Digests from the Proceedings should be 
addressed to the Honorary Editors, Royal Society of Medicine. 


Manuscripts should be concise and carefully revised for press. They must be top copies, 


typewritten in double spacing, with the author’s name, degrees and address on the first 
page. A carbon copy should be retained by the author. 


The text must contain references to all tables and illustrations; these should be numbered 
separately, tables in Roman and illustrations in Arabic numerals. 


Dosages and other measurements should be given in metric units. 


A key should be supplied for all abbreviations and symbols used in text and pictures. 


References: The Harvard system should be followed, i.e. each work should be cited in 


the text by the author’s name and date of publication, and at the end of the paper a list 

should be given in alphabetical order according to the authors’ names. Names of journals 

should be abbreviated in accordance with the ‘World List of Scientific Periodicals’, e.g. 
ATKINSON, J. (1921) J. bio!. Chem., 47, 134, 


With the title of a book the place of publication should be given. 
Illustrations: Only the minimum number of illustrations can be accepted. They must be 
suitable for direct photographic reproduction; films and slides are not accepted. 


Important areas should be /ightly marked in pencil on the back of the picture; the top of 
each picture should be indicated. 
Photographs, radiographs and photomicrographs should be sharp black-and-white glossy 


prints. Photomicrographs of width 2} in. can be reproduced actual size; magnification must 
be stated. 


Diagrams and graphs should be drawn in Indian ink, on smooth white paper or board. 
If graph paper is used it should be feint blue-lined. Lines and curves must be boldly drawn, 
with lettering and numbers sufficiently large to permit of considerable reduction. 

Blocks used for the illustration of articles in the Proceedings will be presented to authors 
shortly after each volume is concluded. 


Reprints and excerpts: Authors may obtain these from the Society’s printers, Messrs. 


Staples Printers Limited, 83-91, Great Titchfield Street, London, W.1. The appropriate 
order form will be sent with proofs of papers. 


Others requiring single reprints should apply direct to the author. Alternatively, Sectional 
fasciculi may be purchased from: 


The Honorary Editors, 
Royal Society of Medicine, 

1 Wimpole Street, 
London, W.1 
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